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The interference problem





Communications 
CONOPs





An interference primer



Sources of Emission - Classical

Planck’s Law for Black Body Radiation

Continuous

“Accelerating 
charges 
radiate” - 
Maxwell



Sources of emission - Quantum Lines

Water molecule

Principal Energy States in a Hydrogen 
Atom



The Science is EVERYWHERE!



Spectral Windows from Surface to Space

3 THzFrequency 3 GHz30 GHz300 GHz 300 MHz



Types of Interference

1. Out Of Band Emissions
Harmonics!
Source: non-linearities of the components used in the RF 
chain
(Let’s do some trigonometry…)

2. Adjacent Band Emissions





Various needs for electromagnetic spectrum

• Needing CPNT (Cislunar Positioning, Navigation and Timing)
• Positioning: ISRU extraction, and mapping
• Navigation: For landing of surface elements
• Timing: For interferometric RA

• Ground penetrating RADAR
• Sounding of the lunar ionosphere
• Surface communications
• Data back-haul
• Unique radio environment for deeper astronomical observations!



Techno-
signature 
detection by 
ROLSES from 
the moon!



Observations of the 
Chandrayaan-2 lander’s 
telemetry link - with the 
Dwingeloo radio 
telescope in the 
Netherlands



Uniqueness of the lunar RF environment

• Knife-edge and smooth sphere diffraction
• No atmosphere! Reduced attenuation

• But not nothing: Tenuous ionosphere + surface boundary exosphere
• Challenging to model

• Lack of information about the structure and composition of the lunar 
regolith - especially RF properties like di-electric constant

• Finer cartographic models required for higher propagation model fidelity
• Performance metrics of current models (Irregular Lunar Model - ILM, derived from the 

ITM)



Various ground 
penetrating 
RADARs have been 
operated, with 
proposals for 
future orbital 
platforms that can 
guide resource 
(sub-surface ice, 
lava tube) mapping







Current framework











Key takeaways:
• Spectrum is a long-lead item: atleast on par with other aerospace 

long-lead items.

• World Radio Conference (WRC) - the workhorse international co-
ordination mechanism - is a quadrennial event: 
• First there has to be a consensus on setting an agenda item added for 

discussion at the next WRC
• “Cislunar communications will feature at WRC-23 under Agenda Item 10, which calls for the 

drafting of future agenda items”
• Takes several years to conduct studies (exacerbated by the lack of in-situ 

experiments/measurements - a chicken/egg problem)







Investigations underway : The future..



Dynamic Sharing



SOPP Verification



A proof of 
concept 
demonstratio
n of Real-time 
Geospatial 
Spectrum 
Sharing




