
© 2025 JETIR December 2025, Volume 12, Issue 12                                                  www.jetir.org (ISSN-2349-5162) 

JETIR2512667 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g487 
 

Optical Fiber and Microwave Technologies in 

Radar and Satellite Systems: Improving 

Connectivity for Earth and ASAT Applications 

Author: Mohd Hamza Momin, Nesar Ahmad, Roshan Raut, Prashant Raut 

Abstract 

This paper reviews the convergence of optical-fiber-based technologies, free-space optical (laser) links, and 

microwave technologies in radar and satellite systems. It assesses how these technologies enhance connectivity 

for Earth observation, broadband services, and discusses dual-use implications including anti-satellite (ASAT) 

contexts. The paper presents comparative analyses, a simple capacity model, experimental trends, and policy 

considerations. Novel synthesis and a set of recommendations for resilient architectures are provided. 

1. Introduction 

Modern radar and satellite communication systems increasingly rely on both microwave and optical technologies 

to meet rising demand for high bandwidth, low latency, and secure links. Optical fiber remains the backbone of 

terrestrial and near-ground telecommunications, while free-space optical (FSO) and microwave photonics enable 

high-capacity inter-satellite and satellite-to-ground links. Integration of these technologies can deliver significant 

improvements in throughput and resilience required for applications ranging from Earth observation to real-

time services and space-domain awareness. In addition, the proliferation of ASAT capabilities raises dual-use and 

security concerns that must be considered in system design. 

2. Background 

This section briefly reviews the underlying technologies: optical fiber communications, free-space optical (laser) 

communications, microwave systems for radar, and microwave photonics (MWP). Optical fibers provide high 

capacity and low loss for terrestrial backhaul, but cannot be deployed through space; FSO bridges this gap with 

laser-based links between satellites and to ground. Microwaves remain critical for radar sensing and many 

satellite links due to weather robustness and regulatory spectrum availability. Microwave photonics combines 

photonics with RF/microwave functions to enhance radar performance and create flexible front-ends. 

3. Recent Developments and Trends 

Industry and research have demonstrated high-rate free-space optical links, including laboratory and in-orbit 

demonstrations reaching tens to hundreds of Gbps for inter-satellite and satellite-to-ground channels. 

Commercial activity (e.g., SpaceX Starlink laser links) and partnerships are accelerating deployment of optical 

inter-satellite links, improving constellation capacity and reducing ground-station dependence. Microwave 
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photonics research shows potential to improve radar bandwidth and resilience through optical beamforming and 

photonic processing. 

Key sources: SpaceX commercial plans for satellite laser links; industry demonstrations of persistent optical 

connectivity and high-rate FSO research.  

Key cited reports (for reference) 

 SpaceX plans to sell satellite laser links commercially — Reuters (Mar 19, 2024). 

 Starlink and Muon persistent optical connectivity — Tom's Hardware (Nov 2025). 

 Optica / LSC 2024: Recent trends in space laser communications. 

 NASA / Robinson review on Space-Based Optical Communications (2025). 

 Market report on satellite laser communication (2024/2025). 

 Recent reviews on microwave photonics and radar (2024-2025). 

 Anti-satellite weapons reviews (2024). 

4. Methodology — Comparative Capacity Model 

We present a simple capacity and outage model comparing RF (microwave) and optical links for satellite-to-

ground and inter-satellite use. Assumptions: link capacity scales with bandwidth and SNR; optical links offer 

higher bandwidth but are more weather/line-of-sight sensitive; RF links offer robustness with lower per-link 

capacity. The model is illustrative rather than experimental. 

Table 1: Comparative Features of RF (Microwave) vs Optical Links 
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Figure 1: Illustrative Link Capacity vs Weather Impairment 

 

5. Optical Technologies: Fiber, FSO, and Inter-Satellite Links 

Optical fiber remains the high-capacity terrestrial backbone. For space links, free-space optics (laser terminals) 

enable inter-satellite and satellite-to-ground connectivity with dramatically higher spectral efficiency. Systems 

operate commonly near 1550 nm owing to eye-safety and component maturity. Recent demonstrations show 

multi-Gbps to 100+ Gbps links in experimental and early-commercial deployments. 

6. Microwave Technologies and Microwave Photonics in Radar 

Microwave systems provide sensing capabilities (radar) and satellite communications over RF bands. Microwave 

photonics (MWP) introduces photonic techniques to generate, process, and distribute microwave signals, 

enabling wider instantaneous bandwidths, flexible beamforming, and improved interference suppression. MWP 

can be paired with optical backhaul to create hybrid architectures. 

7. Integration Architectures and Resilience 

Hybrid architectures use fiber for ground backbone, optical inter-satellite links for high-capacity backbone in 

space, and RF for resilient access links. System-level design must consider redundancy, adaptive routing, and 

physical protection against jamming and kinetic threats (including ASAT). 

8. ASAT Considerations and Dual-Use Risks 

ASAT capabilities (kinetic, directed energy, electronic attack) pose risks to constellation survivability. Optical 

links can reduce ground-station dependence, but narrow beams are susceptible to pointing disruption or laser 

dazzling. RF links are vulnerable to jamming. Policy and legal frameworks are critical to manage risks. 

Laser-based satellite systems are not inherently harmful; however, uncontrolled or high-power laser emissions 

can interfere with optical sensors or, in extreme cases, cause permanent damage. The most probable impact is 

temporary sensor dazzling rather than structural damage. Modern laser communication terminals mitigate these 

risks through strict power control, precision pointing, automatic beam shutdown, and space situational 
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awareness–driven operational constraints. These measures, combined with transparency and policy compliance, 

support safe deployment in dense satellite environments. 

Table 2: Hypothetical Throughput for Three Architectures 

                 Architecture  Peak Throughput per sat (Gbps) Ground-station Dependence (qual) Weather Robustness 

(qual) 

        RF-only constellation 2 High High 
Optical-enabled constellation 25 Low Low 

Hybrid (Optical + RF + Fiber) 20 Low Medium 

9. Discussion 

The synthesis suggests that integrating optical inter-satellite links with terrestrial fiber and resilient RF access 

provides the best trade-off between capacity and availability. Design recommendations include: (1) deploy 

diverse link layers (optical + RF + fiber), (2) implement adaptive routing and coding across layers, (3) design 

terminals with graceful degradation, and (4) incorporate security measures and space-domain resilience 

planning. 

10. Conclusion 

Optical and microwave technologies are complementary. Optical links enable very high-capacity backbones in 

space, while microwave systems ensure robustness. Careful architecture, policy, and technology choices can 

improve global connectivity while mitigating ASAT and dual-use risks. 
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