




Major Historical CRPL and ITS
hResearch Topics

• HF Propagation
• VHF/UHF Propagation• VHF/UHF Propagation
• Noise: Atmospheric & Man‐made
• Radiometeorology 
• Spectrum Occupancy
• Multipath
• Spectrum SharingSpectrum Sharing







HF Pro a ation
• Context: Pre‐WWII to 1960’s, HF radio carried most wireless comm.  Reflection by 

the ionosphere allowed trans oceanic ranges but reflection was highly variable
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the ionosphere allowed trans‐oceanic ranges, but reflection was highly variable 
and not well understood.  Limitations of vacuum tubes prevented operation at 
higher frequencies

• Stakeholders: Radio broadcasting; Military, ship, aircraft, and land mobile comm

• Research Areas: Major Intl research efforts (e.g., IGY); Radio wave propagation in 
general; Ionospheric propagation; terrain, oceanic, magnetosphere, and solar 
effects

• Scientific Achievement:• Scientific Achievement: 

– NBS Pub on Ionospheric Radiowave Propagation (Davies, 1965)

– Ionospheric Communications Analysis and Prediction Program (IONCAP, 1983)

Voice of America– Voice of America

– Automatic Link Establishment (ALE) , 1993  (Fed Std 1045A)

• Outcome: Propagation models allowed for more reliable systems, and extensive 
international coordination for regulating frequencies (CCIR) HF models becameinternational coordination for regulating frequencies (CCIR).  HF models became 
available too late, since use of VHF/UHF had greatly expanded.  This was reflected 
in the failed CCIR HF Broadcasting WARC (1990).



HF Propagation (cont )HF Propagation (cont.)



VHF/UHF Propagation
• Context: After WWII, we were running out of spectrum; advanced 

VHF/UHF Propagation

electronic technologies finally enabled use at frequencies above HF. 
Radiowaves at smaller wavelengths were strongly effected by obstacles 
(e.g., topography, buildings). FCC created moratorium on TV broadcast due 

fto interference issues  TASO. 

• Stakeholders: TV/Radio broadcast; Military comm; land‐mobile radio

• Research Areas: Diffraction terrain effects troposcatterResearch Areas: Diffraction, terrain effects, troposcatter

• Scientific Achievement: 

– Tech Note 101 (Rice, Longley, Norton, 1967)

– Model of tropospheric transmission loss (Longley‐Rice, 1968)

• Outcome: Better understanding of VHF/UHF propagation resolved TV 
interference  roblems  massive use of VHF/UHF “beachfront” spectrump ; p









MultipathMultipath

• Context: In the 1970’s, microwave radios were 
li i d blimited by channel multipath. Later, industry 
wanted to deploy systems in even more difficult 
urban environments. 

• Stakeholders:Microwave data links, radar, military, 
cellular DTV broadcast personal communicationscellular, DTV broadcast, personal communications

• Research Topics: 
– Microwave air‐to‐ground and airport environments
– Mobile multipath in forested environments

Mi t i b d– Microwave point‐to‐point in urban and suburban 
environments

– DTV broadcast in urban multipath environments
– Cellular and Indoor environments
– MIMO

• Scientific achievements:
– Impulse response channel probe using pn codes 

(Hubbard, 1976)
• Outcome: Provided data for the development of 

new comm systems, DTV. 





SummarySummary

ITS and predecessors provided many of the of 
th R di P ti d li t l i bthe Radio Propagation modeling tools in use by 
government and industry today.

Next:  Al Vincent will describe what ITS is 
working on now for tomorrow and the futureworking on now for tomorrow and the future.


