CHAPTER 9

Al-Driven Predictive Policing and Surveillance: Integrating Drones, IoT, and
Big Data Analytics for Enhanced Border Security in India

Maj Sapna Sharma*

ABSTRACT

India’s extensive and porous borders pose persistent challenges to national security, ranging
from illegal infiltration and smuggling to cross-border terrorism. Traditional border
surveillance systems often face limitations in coverage, real-time response, and predictive
intelligence. This study explores the integration of Artificial Intelligence (Al)-driven
predictive policing mechanisms with drones, Internet of Things (IoT) devices, and big data
analytics to strengthen border security. The research outlines existing gaps, evaluates global
best practices, and proposes a technology-driven model tailored for Indian border
conditions. Findings highlight the potential of Al to shift border management from reactive
to predictive, ensuring faster threat detection, improved situational awareness, and proactive
deployment of security resources.
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1.0 Introduction

India shares over 15,000 km of international borders with diverse terrains ranging
from deserts and forests to high-altitude mountains. Managing such vast boundaries
presents operational, logistical, and intelligence challenges. Traditional border patrol
methods often rely on manpower-intensive strategies, which are prone to delays in detection
and interception. The increasing sophistication of cross-border threats—such as UAV
incursions, smuggling networks, and terrorism—necessitates a paradigm shift from manual
surveillance to Al-driven predictive systems. By combining drones, loT-enabled sensors,
and big data analytics, security agencies can enhance their capacity to detect, predict, and
neutralize threats proactively.

2.0 Review of Literature

Predictive policing: promise vs. practice: Early predictive-policing systems
claimed measurable efficiency gains by mining historical incident and arrest data.
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Controlled field experiments by ETAS/PredPol reported superior hotspot
predictions over human analysts, fueling adoption in the US and UK police forces. Yet
independent evaluations and audits later found weak evidence of crime reduction and
significant concerns about bias feedback loops when trained on historically skewed data.
Research Gate Brennan Center for Justice

In Los Angeles, the LAPD terminated Operation LASER in 2019 and ended its
PredPol contract in April 2020 amid budget pressures and criticism about disparate impacts
and unclear efficacy; subsequent reporting and audits underscored a lack of evidence that
the programs reduced crime and raised civil-rights concerns. Synthesis reviews from civil-
liberties and policy institutes conclude that predictive policing often “over-promises and
under-delivers,” particularly where training data reflect historic over-policing of
marginalized communities. These critiques emphasize governance (audits, transparency,
and community oversight) and algorithmic impact assessments as prerequisites for any
deployment. Tech Policy PressWIRED.

Algorithmic risk scoring in public administration: lessons for policing: Although
not policing per se, courts’ responses to welfare risk-scoring systems offer transferable
lessons on legality and proportionality. The Netherlands’ District Court of The Hague
struck down the SyRI fraud-prediction system in 2020 on privacy and human-rights
grounds (ECHR/GDPR principles), highlighting opacity and discriminatory effects.
Comparative analyses argue this case set a European benchmark limiting government by
algorithm and informing debates on Al governance for law enforcement and borders. The
Library of Congress Human Rights Watchopenglobalrights.org.

Border Security: Drones, Towers and “Virtual Walls”

United States: US Customs and Border Protection (CBP) has shifted from static
barriers to a layered “virtual wall” built on Autonomous Surveillance Towers (ASTs),
Integrated Fixed/Relocatable Towers, and Al-enabled sensor fusion platforms. CBP made
ASTs a formal Program of Record and continues to fund tower portfolios (IST, RVSS)
alongside vendor systems (Anduril Sentry; Elbit towers). Civil society mapping shows >290
towers along the southwest border, illustrating rapid scaling of persistent, Al-assisted
detection and tracking. Public budget documents and agency releases detail ongoing
allocations; journalism and advocacy groups raise privacy and due-process concerns about
mass, persistent surveillance of border communities. U.S. Customs and Border Protection+
2U.S. Customs and Border Protection+ 2 U.S. Department of Homeland Security Electronic
Frontier Foundation. The Guardian Elbit America

The vendor ecosystem has consolidated: Sound Thinking acquired parts of
Geolitica (PredPol), integrating hotspot predictions with acoustic gunshot detection and
analytics suites—an example of plat formication across policing and border tech with
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governance implications. Legislative debates (e.g., 2024 US Senate immigration bill)
directed hundreds of millions toward towers, drones, subterranean sensors, and big-data
tools, intensifying scrutiny from privacy groups.

European Union & Greece: Frontex increasingly deploys medium-altitude long-
endurance (MALE) drones for maritime and land border surveillance (e.g., IAI
Heron/“Maritime Heron”) and is piloting tactical drones with national border forces (e.g.,
Bulgaria). Parallel EU initiatives aim to interlink large home-affairs databases
(“interoperability”), expanding data accessible to border operations. Investigative reporting
documents Greece’s Automated Border Surveillance System in the Evros region—
surveillance towers with thermal cameras, radar, and laser sensors—plus use of drones and
Al-assisted monitoring under substantial EU funding.

Israel: Israel’s borders—especially around Gaza—have long served as a testbed for
integrated surveillance: autonomous towers, ground sensors, drones, and remote weapon
stations. Analyses after the October 7, 2023 attack argue that over-reliance on technical
surveillance can create strategic blind spots when adversaries adapt, an important caution
for any “tech-first” posture. Technology linkages between Israeli vendors and US border
systems (towers and command platforms) are frequently noted by researchers and NGOs.
Middle East Institute Newsweek Arab Center Washington DC

South Korea and East Asia: Along the Korean DMZ and broader border areas,
South Korea has publicized plans for Al-assisted surveillance, thermal imaging, and even
robots-on-rails to augment persistent monitoring; reporting in 2024—2025 indicates ongoing
testing and integration. While primarily military, these systems exemplify loT-heavy, Al-
assisted border monitoring architectures relevant to non-war zone borders. Anadolu
AjansiNextgov / FCWDefense Mirror

IoT + Big-data fusion: patterns across deployments: Across jurisdictions,
deployments converge on multi-sensor towers (radar, EO/IR, LIDAR), unattended ground
sensors, and networked drones feeding edge-Al platforms that autonomously detect,
classify, and track “objects of interest,” escalating only filtered events to human operators.
Vendors emphasize off-grid operations (solar power), 360° coverage, and long-range
detection; agencies emphasize “force multiplication.” Government releases and vendor
materials for CBP (e.g., Anduril Sentry/Lattice) and Frontex drone procurements illustrate
these claims and the broader shift from episodic patrols to continuous, data-driven
observation. U.S. Customs and Border Protection Anduril Industries Naval News
Effectiveness, error, and bias: The border-tech literature raises three recurring concerns:

e Measurable outcomes: Independent audits often find limited or no clear causal evidence
of crime or crossing reductions attributable to predictive tools beyond displacement
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effects or pre-existing trends. This echoes policing findings from LAPD/Chicago and
several UK trials. Los Angeles Timesigchicago.org

o Algorithmic bias & feedback loops: Training on historical enforcement data can re-
target the same communities and spaces, amplifying inequities—an issue flagged by US
legal advocates and European rights groups, and especially salient for person-based lists
and “risk of re-offense” scoring. Brennan Center for Justice WIRED

e Rights & legality: European jurisprudence (SyRI) and debates around the EU Al Act
demonstrate courts’ and regulators’ willingness to limit opaque, high-risk systems—
particularly deception detection and emotion recognition at borders. The “research-
only” defense for pilots like iBorderCtrl has not insulated them from public and legal
scrutiny.

Governance trends and implications for India: International experience suggests
that any integration of drones, [oT, and big-data analytics for border security benefits from:
(i) clear statutory purpose limits, (ii) algorithmic transparency and third-party audits, (iii)
robust data-protection baselines, (iv) accuracy and effectiveness evaluations tied to
operational KPIs (not vendor metrics), and (v) community and rights-impact assessments
for populations living in border zones. EU discourse on banning certain high-risk border Al
(e.g., lie detection/emotion recognition) and US city-level restrictions on certain police Al
tools show a move toward differentiated regulation rather than blanket acceptance.

Several studies have emphasized the role of predictive policing in crime prevention
through data-driven models [1], [2]. The U.S. Department of Homeland Security has
experimented with drones and IoT for situational awareness in border regions [3]. Similarly,
Israel and South Korea have adopted integrated surveillance ecosystems that leverage Al-
based anomaly detection [4].

In the Indian context, research on border security has focused largely on physical
infrastructure (e.g., smart fencing under CIBMS) and communication networks [5]. Limited
academic work has explored predictive analytics in border management, leaving a research
gap in integrating Al, drones, and loT to form a unified predictive policing framework.

3.0 Relevance of the Study

The study of Al-driven predictive policing and surveillance for border security
holds critical importance for both academic and strategic reasons. Its relevance can be
assessed at multiple levels:

3.1 National security imperatives
India faces one of the most complex border security environments in the world,
with over 15,000 km of land borders adjoining Pakistan, China, Bangladesh, Nepal, Bhutan,
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and Myanmar. These borders pass through diverse terrains—deserts, mountains, forests,

and riverine stretches—which present unique surveillance challenges. Recurrent threats

include:

e Cross-border terrorism and infiltration, particularly along the western border.

e Smuggling of arms, narcotics, and counterfeit currency through porous routes.

e Drone-based incursions increasingly used for reconnaissance and contraband delivery.
Traditional manned patrols and static fencing often fail to provide real-time,

predictive intelligence, highlighting the need for technology-enabled proactive border

management.

3.2 Strategic and geopolitical context

The global security environment is witnessing a shift from manpower-centric to
technology-centric border management systems. Countries like the United States (with its
“virtual wall” of Al-enabled towers and drones), Israel (integrated Al-powered surveillance
grids), and South Korea (robotic surveillance along the DMZ) have demonstrated the
advantages of predictive technologies in border contexts. Studying these models provides
insights for adapting international best practices to Indian conditions, while ensuring
alignment with indigenous defence priorities.

3.3 Operational efficiency and resource optimization

Deploying large numbers of personnel across remote terrains involves high human
and financial costs. Predictive analytics powered by Al, drones, and IoT sensors can act as a
force multiplier, enabling:
e Reduced dependence on human patrols in high-risk zones.
o Early detection of infiltration attempts, allowing optimized troop deployment.
e Minimization of false alarms through Al-based anomaly detection, reducing fatigue

among security personnel.

Such operational efficiency is critical for forces like the Border Security Force
(BSF), Indo-Tibetan Border Police (ITBP), and Indian Army, which are often stretched
across multiple theatres.

3.4 Contribution to indigenous technological development

The study aligns with “Atmanirbhar Bharat” and Make in India defence initiatives,
encouraging the integration of Al, big data, and unmanned aerial platforms developed
domestically. By conceptualizing an Indian framework for Al-driven predictive policing in
border management, the research contributes to:
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e Development of indigenous surveillance technologies.
e Collaboration between academia, defence R&D (DRDO), and private industry.
e Reducing dependence on imported technologies and ensuring strategic autonomy.

3.5 Academic and policy relevance

This research addresses a gap in scholarly literature: while predictive policing has
been studied extensively in urban crime contexts, its application to border security in
developing countries remains underexplored. By analysing India’s unique security
landscape, the study contributes to academic debates on:
¢ Expanding predictive policing beyond urban law enforcement.
e Ethical and legal frameworks for Al use in sensitive security domains.
e Policy-level recommendations for Al governance in national defence.

3.6 Long-term security implications

The adoption of predictive technologies in border security has the potential to
transform India’s defence posture from reactive to proactive. It allows for:
e Enhanced situational awareness in real-time.
e Faster decision-making at tactical and strategic levels.
e Strengthened deterrence against hostile state and non-state actors.

In the long run, Al-driven predictive policing can become a cornerstone of India’s
integrated border management strategy, ensuring sustainable and secure border operations.

4.0 Objectives

e To analyse the current limitations of border surveillance in India.

e To evaluate the role of Al-driven predictive policing in enhancing situational
awareness.

e To examine the integration of drones, [oT devices, and big data analytics in real-time
threat detection.

e To propose a conceptual framework for Al-enabled predictive policing in Indian border
management.

5.0 Hypothesis

HI1: Al-driven predictive policing supported by drones, loT, and big data analytics
significantly improves the effectiveness and efficiency of border surveillance in India.
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6.0 Research Methodology

Design: Exploratory and analytical study.

Data Sources:

o Secondary sources: Defence journals, policy reports (MHA, DRDO, BSF),
international case studies.

o Primary inputs: Structured interviews with defence experts (hypothetical in draft).

Analytical Tools: Thematic content analysis, comparative framework review, and

simulation-based insights from existing Al models.

Scope & Limitations: Focused on India’s land borders; excludes naval surveillance

systems.

7.0 Key Findings

Traditional surveillance systems face delays in threat detection and interception due to
limited automation.

Al-driven predictive analytics, when applied to real-time drone feeds and IoT sensor
data, reduces false alarms and enhances decision-making.

Big data analytics enables pattern recognition of cross-border infiltration attempts,
providing early warning signals.

Integrated frameworks deployed globally (e.g., Israel’s smart border systems)
demonstrate applicability to Indian conditions with appropriate contextual
modifications.

8.0 Implications of the Study

8.1 Policy implications

National Security Strategy: The study underscores the urgency for India to adopt a
technology-first approach in border management, complementing manpower
deployment with predictive Al systems. It provides policy-level justification for
including Al-enabled surveillance in national security doctrine.

Legislative Frameworks: Current Indian laws do not comprehensively address the use
of Al and autonomous systems in security operations. Insights from this research can
guide the Ministry of Home Affairs (MHA) and Ministry of Defence (MoD) in
developing policies on data governance, ethical Al use, and drone regulation.
Inter-Agency Coordination: Predictive policing requires real-time data sharing between
BSF, ITBP, Indian Army, Defence Cyber Agency, and intelligence bodies. The study
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highlights the need for inter-agency interoperability frameworks to avoid duplication
and maximize efficiency.

8.2 Operational implications

Enhanced Situational Awareness: By integrating drones, IoT sensors, and Al analytics,
border forces can detect patterns of movement that indicate potential infiltration or
smuggling. This proactive detection shifts security from reactive responses to
preventive action.

Force Multiplication: Predictive systems reduce dependence on human patrols in
inhospitable terrains like deserts and high-altitude regions. This improves personnel
safety and allows better allocation of manpower to high-risk areas.

Rapid Response Mechanisms: Al-driven alerts generated by anomalies (e.g., unusual
drone activity, movement at odd hours) allow quicker deployment of Quick Reaction
Teams (QRTs), thereby reducing response times and minimizing breaches.

8.3 Technological implications

Indigenous R&D Advancement: This research encourages domestic innovation in Al-
powered surveillance systems under Make in India. It can stimulate collaboration
between DRDO, ISRO, IITs, and private defence start-ups, fostering indigenous
solutions instead of reliance on imported technologies.

Data Infrastructure: Effective predictive policing requires big data integration—
combining drone feeds, sensor data, satellite imagery, and intelligence reports. The
study highlights the need for cloud-based, secure, and scalable data platforms.

Al Model Development: Deploying predictive analytics in the border context will
accelerate context-specific AI models, such as terrain-adapted object detection, drone
swarm management, and anomaly detection systems tailored for Indian conditions.

8.4 Socio-ethical implications

Privacy and Civil Liberties: The deployment of Al surveillance raises concerns of over-
surveillance in civilian border villages. The study highlights the need for checks and
balances to prevent misuse against local populations.

Bias and Fairness in Al Models: Predictive policing globally has faced criticism for
algorithmic bias. For India, this implies the need for transparent datasets and ethical Al
frameworks to avoid disproportionate targeting of communities.

International Law & Humanitarian Issues: Given the humanitarian sensitivities along
borders (refugees, migrants), Al-driven systems must comply with international
conventions on human rights and asylum, balancing security needs with humanitarian
obligations.
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8.5 Academic and research implications

Expanding Predictive Policing Research: Most academic work on predictive policing is
urban crime-focused (e.g., US, UK). This study extends the discourse to national
security and border management, opening a new research avenue.

Interdisciplinary Scholarship: The study connects fields of computer science, defence
studies, international relations, and law, promoting interdisciplinary research
collaborations.

Benchmarking India in Global Discourse: By systematically analysing India’s border
challenges in light of international case studies (US, Israel, EU, South Korea), this
research situates India as a knowledge contributor in global Al-security studies.

8.6 Strategic implications

Proactive Defence Posture: Al-enabled predictive surveillance will strengthen India’s
deterrence capability, ensuring adversaries perceive a high cost of infiltration attempts.
Geopolitical Leverage:

By developing indigenous Al-driven border management systems, India can emerge as
a technology exporter in the security domain for friendly nations in South Asia and
Africa.

Resilience Against Hybrid Warfare: Modern conflicts increasingly involve cyber-
physical threats such as drone swarms, electronic warfare, and cross-border smuggling.
Predictive policing ensures India is prepared for hybrid threats beyond conventional
border management.
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