Advancing Battlefield Networks with High-Speed Data Interconnects
Summary

Modern battlefields demand unprecedented levels of connectivity, resiliency, and data throughput to
support real-time Intelligence, Surveillance, Reconnaissance (ISR), precision targeting, and mission
command. This paper examines the architecture, technologies, and operational impact of integrating
high-speed data interconnects, specifically 10-100 Gbps ruggedized data links (10 billion to 100 billion
bits per second) into tactical networks. We analyze technical drivers, challenges, implementation
considerations, and future directions that permit forces to maintain decision dominance in contested
environments.

Introduction

The proliferation of sensors, unmanned systems, precision weapons, and networked platforms has
transformed the character of warfare. Combat effectiveness increasingly depends on the ability to share
massive volumes of data securely and in real-time across distributed units. Traditional tactical data links
and legacy network infrastructures are insufficient to support the bandwidth and latency requirements of
modern ISR, targeting, and mission networking.

High-speed data interconnects, capable of sustaining 10-100 Gbps throughput in ruggedized, tactical
form factors, such as: live video, sensor feeds, and situational awareness information, represent a
critical evolution in battlefield communications. This allows ground, air, and maritime platforms to
operate as integrated nodes within a unified data fabric emphasizing ultra-fast networking to facilitate
real-time or near- real-time ISR operations in modern battlefield or defense systems.

The Need for High-Speed Battlefield Connectivity

Data-Rich Warfare

Contemporary operational environments generate massive data streams from:
e High-resolution ISR sensors (EO/IR, SAR, multi-spectral imaging)
o Signal and electronic intelligence (SIGINT/ELINT)
e Lidarand wide-area motion imagery

¢ Multiple autonomous systems (UAS, UGV)
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These data types require low latency and high reliability for immediate analysis, target cueing, and
dissemination.

Mission Networking Requirements
Typical mission networking capabilities include:

e Rapid sharing of situational awareness

e Collaborative targeting and fire control

e Dynamic tasking of ISR

e Multi-domain command and control (C2)

Sustaining these capabilities requires network links far beyond gigabit-class performance.
Technologies Enabling 10-100 Gbps Ruggedized Links

e Physical Layer Innovations

High-speed interconnects rely on advanced physical media such as:

o Fiber optics and rugged optical hybrid cables
o High-frequency RF/mmWave links
o Free-space optical (FSO) terminal

These technologies support wide bandwidths with resistance to environmental stresses.
Rugged High-Speed Network Routers and Switches

These units provide Layer-2/layer-3 switching and routing with high-speed optical or copper interfaces
suitable for harsh environments.

e MILTECH 9028 Rugged Military Router (10Gbe)
A military-grade managed router with multiple 10 GBPS fiber ports, designed for mobile
platforms, sea/ground vehicles, and C4ISP (command, control, communications, computers,
intelligence, surveillance, and reconnaissance), data aggregation. Built to MIL-STD environmental
and shock/vibration standards with IP67 (fully sealed against dust, can survive temporary water
submersion, is suitable for harsh outdoor and industrial environments) ruggedization.
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Rugged 120-Channel Ethernet Switchbox

A rugged switchbox supporting many ports at 10GBase-SR speeds (configurable for 10 Gbps
connectivity) using rugged connectors such as MIL-DTL-38999. These are used in aerospace,
military backplanes, and custom assemblies.

156-Channel 50G/400G Ethernet Switchbox
High-density rugged switch supporting 10G, 25G, 40G, 50G, and 100G fiber protocols on different
ports, suitable for advanced mission systems requiring dense, high-speed data paths.

Rugged High-Speed Interconnects / Data Links

These are ruggedized physical links or transceivers designed to maintain high data rates under harsh

conditions:

Meritec Hercules Rugged High-Bandwidth Interconnect

A 10 Gb/s ruggedized interconnect system (MIL-38999 shell) for military/aerospace data paths. It
supports copper and active optical cables with data rates in excess of 10 Gbps and is used for
tactical I/0 and rugged instrumentation.

Rugged Optical & Connector Systems

Rugged cable assemblies with expanded-beam or MIL standard connectors for 10 Gbps to >100
Gbps optical transmission in field systems (these often pair with transceivers and equipment
certified for high-speed links).

Rugged Media Converters & Interfaces

While many rugged media converters focus on lower speeds, advanced versions exist that can support

high-speed optical interfaces when paired with SFP+/QSFP modules:

Ruggedized media converters with SFP+/QSFP options

Rugged converters designed to host 10 Gbps SFP+ or 25-100 GBPS QSFP28 modules in
industrial/military enclosures (custom or off-the-shelf rugged communications gear). These allow
fiber links up to 100 Gbps over optical modules/controllers.

Typical Application Areas

These rugged high-speed links are used in:

Military & Defense C41SR networks —/ video, sensor fusion, encrypted data transport.

Aerospace & avionics backbones — connecting mission systems with high throughput.
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e Industrial process & control networks —fiber links over long distances in harsh conditions.
e Broadcast/ Field events networks — High-bandwidth fiber between locations or vehicles.
e Modulation and Signal Processing

Enhanced modulation schemes and adaptive signaling improve spectral efficiency and resilience
over contested or degraded links.

e Ruggedization for Tactical Environments
To operate in austere conditions, hardware must meet:

MIL-STD environmental standards (shock, vibration, temperature extremes)
EMI/EMC hardening
Sealed, dust and water-resistant enclosures

O O O O

Compact, mobile form factors

System Architecture for Battlefield Networks

Arobust ultra-fast network architecture includes:
e Backbone and Edge Segmentation

o Backbone Links (10-100 Gbps): Connect command posts, sensors, and data processing
nodes.

o Edge Access Links (1-10 Gbps): Provide connectivity to individual platforms and field units.
e Software Defined Networking (SDN)

SDN provides dynamic routing, priority queuing, and time-critical adjustment of network resources
based on mission needs.

e Security and Resiliency

Encryption, anti-jam techniques, and redundancy ensure:
o Dataintegrity
o Resistance to cyber and EW attacks

o Fallback paths under node failures
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Real-Time ISR and Targeting
e ISR Data Dissemination

Accelerated links allow raw sensor feeds to be streamed to analysis and fusion centers without
compression artifacts or delays that degrade decision quality.

e Collaborative Targeting

With high throughput and low latency, multiple units can share tracking data and fire support plansin
near- real- time, improving target engagement cycles and reducing fratricide risk.

Mission Networking and C2
Quick-response interconnects transform mission networking by:
e Supporting high-definition situational awareness dashboards
e Empowering distributed mission planning and execution
e Allowing real-time video and data sharing across domains
These capabilities underpin rapid maneuver, distributed operations, and joint force synchronization.
Challenges and Mitigations
e Spectrum and Transport Constraints

High throughput demands significant spectrum or fiber infrastructure. Approaches such as
bandwidth sharing, dynamic frequency selection, and hybrid fiber/RF solutions help mitigate
limitations.

e Interoperability

Assuring interoperability with legacy systems and allied networks requires adherence to open
standards and modular architectures.

e Power, Weight, Size

Rapid-exchange equipment must be optimized for power efficiency and form factor to suit platforms
from vehicles to UAVs.
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Joint All-Domain Operations

In a multi-domain environment, wire-speed data fabric unifies land, air, and space assets, enabling
synchronized engagement across kilometers of terrain and contested airspace.

Future Directions
Emerging areas include:
o Terabit tactical links
e Al-driven network optimization
¢ Quantum-secure communications
¢ Integrated optical RF solutions
These advancements will further enhance battlefield connectivity and decision superiority.

Conclusion

Advancing battlefield networks with 10-100 Gbps ruggedized data interconnects is central to future
combat effectiveness. These high-speed links not only support the enormous data demands of real-time
ISR and targeting but also make possible secure, resilient mission networking across domains.
Continued innovation in hardware, architectures, and integration strategies will be essential to fielding
networks capable of meeting the dynamic demands of tomorrow’s
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