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Abstract - This research proposes a dual-layer surveillance 
framework aimed at enhancing border security by integrating 
AI-powered satellite imagery analysis with communication-
level cybersecurity threat monitoring. The visual layer uses 
machine learning models such as YOLOv8 and Vision 
Transformers to identify unauthorized troop gatherings, 
suspicious vehicle movements, or sudden terrain alterations 
near sensitive border regions. Concurrently, the cybersecurity 
layer monitors wireless traffic, GPS spoofing attempts, and 
potential signal jamming, providing a hybrid defense against 
both physical and digital intrusions. This unified system 
addresses modern hybrid warfare challenges and proposes a 
scalable model for use by defense and intelligence agencies) 
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1.INTRODUCTION  

India’s border regions—especially along the LoC and LAC—
have faced increasing threats from both physical intrusions 
and modern digital warfare. Incidents like the 2020 Galwan 
Valley clash and frequent drone incursions in Punjab and 
Jammu underscore the need for real-time, wide-area 
surveillance. Simultaneously, cyber operations such as GPS 
spoofing, signal jamming, and network intrusion have 
targeted defense infrastructure and border communications. 

Traditional methods—manned posts, drones, and ground 
sensors—are limited by terrain and latency. With advances 
in AI and satellite imaging, it is now feasible to automate 
border surveillance and detect cyber threats simultaneously. 

This paper proposes a dual-layer system combining AI-based 
satellite vision with communication-layer threat detection — 
offering real-time situational awareness of both physical and 
digital threats across border zones. 

1.1 Related Work 

Many studies have explored satellite image analysis using 
convolutional neural networks (CNNs), object detection via 
YOLO, and Vision Transformers for identifying terrain 
changes or large vehicles. Separately, research in cyber 

defense has focused on network intrusion detection systems 
(IDS), GPS spoofing detection, and electromagnetic jamming 
countermeasures. 

However, current literature lacks a combined system for 
border surveillance that fuses satellite imagery with 
cybersecurity intelligence. This paper fills that gap by 
proposing a two-layered approach for simultaneous 
monitoring. 

2. PROPOSED FRAMEWORK 

2.1 Layer 1: Satellite Surveillance with AI  

This layer focuses on monitoring physical activity in and 
around border areas using satellite imagery combined 
with artificial intelligence. With advancements in 
computer vision, satellite data can now be processed in 
near real-time to detect threats or unauthorized actions 
without relying solely on ground personnel. 

 Unauthorized military encampments: 

AI models can identify patterns resembling 
temporary or permanent military camps—such as 
tent arrangements, vehicle clusters, or artificial 
structures—especially in previously unoccupied 
zones. This helps in flagging possible infiltration 
bases or foreign troop presence. 

 Convoy or vehicle movement:  

Movement of groups of vehicles, especially in 
sensitive regions, is detected through frame-by-
frame comparison of imagery. The system can track 
movement patterns, distinguish military vehicles 
from civilian ones, and alert authorities in case of 
unusual activity. 

 Terrain disruption near fenced or sensitive areas: 
 
Changes in land texture or topography, such as 
digging, trench formation, or collapsed fencing, can 
indicate intrusion or tunneling attempts. These 
anomalies are detected using semantic segmentation 
and change detection algorithms. 
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A deep learning pipeline continuously processes incoming 
satellite images, comparing them to previous frames, and 
automatically raises alerts for anomalies based on predefined 
threat signatures. The entire system is GPS-integrated, 
providing accurate geolocation data for rapid response. 
Training can be conducted on open-source satellite datasets 
or synthetic datasets created to simulate various threat 
scenarios. 

Layer 2: Cyber Threat Monitoring 

This layer adds a digital dimension to the border surveillance 
framework by detecting and preventing cyber-based 
intrusions or disruptions. As border infrastructure 
increasingly relies on smart sensors and wireless 
communication, securing these digital channels becomes 
critical. 

 Monitoring of wireless signals (Wi-Fi/LoRa) in 
border sensor networks: 

Wireless protocols like Wi-Fi and LoRa are used to 
connect surveillance devices, sensors, and 
communication systems. This layer ensures that any 
unauthorized access attempts, rogue transmissions, 
or suspicious changes in signal behavior are 
promptly identified. 

 GPS spoofing detection using sensor fusion and 
timing analysis: 

GPS spoofing can misguide autonomous systems, 
UAVs, or vehicles by sending false positioning data. 
The system uses sensor fusion—combining inputs 
from multiple sources like IMUs and satellite 
signals—along with precise time discrepancy 
analysis to detect such attacks. 

  

Fig -1: visual representation of Framework 

  Detection of signal jamming or denial-of-service 
attacks on communication networks Signal:  

jamming can disable surveillance networks by 
flooding communication channels. This system 
monitors for unusual signal patterns, high packet 
loss, or latency spikes, which are signs of jamming or 
DoS attacks. 

 Lightweight anomaly detection using AI-based IDS: 

An intrusion detection system (IDS) powered by 
lightweight machine learning models runs at the 
edge, continuously scanning network traffic for 
anomalies. It can identify unknown attack vectors or 
protocol misuse without relying on bulky signature-
based methods. 

3. CONCLUSIONS 

This paper proposed a dual-layer surveillance framework 
combining AI-based satellite image analysis with cyber 
threat detection to enhance border security. The visual layer 
detects physical threats such as unauthorized encampments 
and terrain disruptions using models like YOLOv8, while the 
cybersecurity layer monitors GPS spoofing, jamming, and 
wireless anomalies. 

Together, these layers provide real-time situational 
awareness and early threat detection, addressing both 
physical and digital vulnerabilities. The integration of AI 
enables automated monitoring, reducing human effort and 
response time in critical scenarios. Additionally, the use of 
low-power networks and scalable architectures ensures 
suitability for remote and resource-constrained regions. 

The proposed system offers a scalable and cost-effective 
solution for defense applications, with strong potential for 
integration into national surveillance infrastructure and 
smart border technologies. 
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