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I. Haywood, F. Camilo et. al., Inflation of 430-parsec bipolar radio bubbles in the Galactic Centre by an energetic event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019
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[1] J. Jonas and A. J. Otto, Applying Telescope Protection Levels to Measurement Data,
Document Number SSA-0008A-038, Revision 1, South African Radio Astronomy Observatory
(SARAO), Observatory, Cape Town, South Africa, 12 December 2019.
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I. Haywood, F. Camilo et. al., Inflation of 430-parsec bipolar radio bubbles in the Galactic Centre by an energetic event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



Radio Astronomy Protection Levels
ITU-R RA.769

• Radio Astronomy Protection Levels for SKA 
are derived from ITU-R RA.769 which derives 
thresholds for harmful interference

• Harmful interference defined as interference 
power, within a chosen BW, that would 
produce an error of 10% in the smallest power 
that can be detected by the receiver (based 
on radiometer equation)

• Integration time of 2000 s with appropriate 
antenna and receiver noise temperatures 



Radio Astronomy Protection Levels
Resolution Bandwidth (#1)

• *Continuum Protection Level:
Resolution Bandwidth equal to 1% of centre 
frequency being observed

• Spectral Line Protection Level: 
Resolution Bandwidth equal to 0.001% of 
centre frequency being observed

*In the case of ITU-R RA.769-2, the continuum receiver bandwidth is assumed to be
the extent of the ITU primary allocated band for the radio astronomy service. Using a
1% receiver bandwidth is of the same order of magnitude as the ITU allocated bands.
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SKA Standards

I. Haywood, F. Camilo et. al., Inflation of 430-parsec bipolar radio bubbles in the Galactic Centre by an energetic event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



RFI Measurements
Commercial Standards

• Radio Astronomy Protection Levels:
Maximum PSD allowed for signal received through 0 dB side lobe or main-lobe as measured at 
the input to the LNA

• We are often interested in impact of devices not necessarily situated at antenna focus

• Measured levels need to be translated to the focus by some distance R



RFI Measurements
Spatial & Temporal Variability

• Given the nature of RFI/EMI both spatial variability (extended vs **small culprits) as well as 
temporal variability (continuous vs transient) need to be considered.

• Spatial Variability
§ Measurements on Component Level (“small” culprits)

§ Measurements on System Level (”extended” culprits)

• Temporal Variability
§ Measurements of Continuous RFI

§ Measurements of EMI

§ Measurements of Transient RFI and EMI

**Small culprits are typically where the DUT is smaller than the antenna beam



RFI Measurements
Commercial Standards

• Radiated emissions from commercial EUT are typically limited by:
* Federal Communications Commission (FCC) in USA
* International Special Committee on Radio Interference (CISPR) in Europe and South Africa
* CISPR is a committee of the International Electrotechnical Committee (IEC)

• Commercial or Military Standards (MIL-STD) will typically prescribe:
1. Resolution Bandwidth
2. Receiver Detectors
3. Measurement Distances
4. Antenna Heights
5. Allowable Emission Limits
6. Allowable Susceptibility Limits



RFI Measurements
CISPR 11/22 Class A & B

• 9 kHz < f < 30 MHz
Conducted Emissions
RBW = 9 kHz
QP & Avg. Detector

• 30 MHz < f < 230 MHz
Radiated Emissions
Distance 10 m
RBW = 120 kHz
QP Detector

• 230 MHz < f < 1 GHz
Radiated Emissions
Distance 10 m
RBW = 120 kHz
QP Detector

• f > 1 GHz
Radiated Emissions
Distance 3m
RBW = 1 MHz
Pk. & Avg. Detectors



RFI Measurements
Resolutions Bandwidth (#2)

• Power Spectral Density [dBm/Hz]
• Continuum: RBW = 1% of fc
• Spectral Line: RBW = 0.001% of fc

• Electric Field Strength [dBuV/m]
• Constant RBW over Frequency Range

(120 kHz or 1 MHz)

?



RFI Measurements
Resolutions Bandwidth (#2)



RFI Measurements
Resolutions Bandwidths



RFI Measurements
RFI Signal Characteristics :: Resolution Bandwidth (#3)

• Narrowband vs. Wideband signals
• It will always be ideal to match your measurement bandwidth to that of the signal bandwidth



RFI Measurements
Resolution Bandwidths

1.

2.

3.



RFI Measurements
Bandwidth Compensation Factor



RFI Measurements
Bandwidth Compensation Factor :: ∆fmeas < ∆fthresh



RFI Measurements
Bandwidth Compensation Factor :: ∆fmeas > ∆fthresh



Bandwidth Compensation Factor
Mathematical Derivation
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CONCLUSIONS

I. Haywood, F. Camilo et. al., Inflation of 430-parsec bipolar radio bubbles in the Galactic Centre by an energetic event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



Conclusions
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