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UPDATE on EDGES-3



What I plan to cover

• Location of site in Oregon
• Details of EDGES-3 electronics
• EDGES-3 test in Oregon
• Results from Oregon
• RFI from micrometeors in Oregon, Nevada and the MRO
• Details of Calibration  
• Refinements in RFI excision
• Test on soil without ground plane wires
• Tests with smoothing in frequency and Further Refinements in RFI excision



Integrated strength of FM radio for continental USA from radio-locator.com

Quietest regions:   West Forks, ME  Adel, Oregon   -better than Green Bank
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Skull Creek

“Catlow Valley” region of Oregon first explored in 2009 as a potential  EDGES site
Roaring Spring Ranch was contacted in December 2018 and Skull Creek was visited by Mark Derome in January 



Terrain surrounding EDGES-3 location near Skull Creek Reservoir



EDGES-3

Cattle Branding Area





Wire grid ground plane





EDGES 3  system with built-in Calibration and all electronics in antenna proposed in 
November 2018. The advantages are:
• Reduced loss and less delay in antenna S11 from 22ns for EDGES-2 midband to 

14ns for EDGES-3 – since balun is not needed
• Automated Calibration
• Easier deployment



Block diagram of EDGES 3  system with built-in Calibration and 
all electronics in antenna



EDGES-2 for comparison requires backend to be located ~ 100m from 
antenna and manual calibration of receiver in Lab



EDGES-3 electronics – Nuvo PC and DC/DC 
converters are in an “inner” shielded box



“inner” shielded 
box with cover 
removed

Notes: 
VNA is only turned 
on for S11 
measurements

Analog electronics 
is temperature 
controlled



EDGES-3 test set-up in screen room at Haystack Observatory



Spectrum without RFI excision Spectra with RFI excision 
and 4 poly terms removed

Spectra with RFI excision 
and 5 poly terms removed

Test results from 3.5 hours each day on September 13,14,15 and 16 





Oregon MRO



Comparison with a low-band test at Gund ranch Nevada 
Raul Monsalve and Thomas Mozdzen July 2014



Full calibrated spectrum 
with 2-term fit to scale 
and spectral index

Best 2-term
Fit: Spectral 
index -2.478
T150 = 319K
GHA ~ 15hr

Calibrated spectrum 60 – 130 
MHz 5-poly terms removed with
RFI excision and smoothing to 
781 kHz. About 80% excised

rms of 86 mK reached 
with more smoothing and 
RFI excision



Calibration and processing procedure
In the Lab:
• Measure S11 of the resistance the internal calibration load and it’s temperature coefficient 
• Measure S-parms of the cable from the internal 8-position switch to the antenna input by manually 

placing known SOL calibration loads on antenna input
• Run automated 3-position switched spectra on internal ambient, hot, open and shorted cable and 

S11 data on internal SOL ambient, hot, open and shorted cable loads as well as LNA
• Calculate calibration of receiver LNA noise waves and receiver gain and offset
• Connect artificial antenna to receiver input and measure S11 and take 3-position switched spectra
In the field:
• Repeat automated calibration when needed
• Take 3-position switched spectra of the sky and antenna S11 data
Using EM simulations
• Estimate the antenna and ground plane loss
Obtain absolute calibration of sky spectrum processing
• Using calibration data, antenna S11 and losses obtain sky spectrum 
• Use weighted least squares with up to 6 physics based “basis” functions to remove foreground, 

ionosphere and solve for hydrogen line signature
• Error estimates from covariance matrix MCMC etc. 



S-parameters of input cable measured using calibration SOL placed on antenna input in Lab
Loss ~ 0.07 dB or about 1.5 % at 75 MHz 

load/noise

Ambient and calibration



Calibration requires measurements of antenna and LNA reflection 
coefficients as well correlated and uncorrelated LNA noise. Scale and 
offset are set from ambient and hot loads 



Correction for losses

T = TskyL + Tamb(1-L)

L = (1 - |Ga|2)-1|S21|2(1-|G|2)/|1-S22G|2

where:

Ga = reflection coefficient on antenna measured from reference
plane at 8-position switch

G = antenna reflection = (Ga-S11)/(S12S21-S11S22+S22Ga)

S11,S22,S12,S21 =  scattering coefficients from reference plane to 
antenna connector on receiver input



Calibration in Lab at Haystack Calibration in Field in Oregon
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Antenna S11 on wire grid
Antenna on  S11 
on ground with 
wire grid removed



60-130 MHz 390 kHz 60-130 MHz 781 kHz 60-130 MHz 3MHz

Tests of resolution and RFI excision

5 poly terms removed

rms 160 mK rms 86 mK rms 59 mK



Thank you - Questions/Discussion










