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INTRODUCTION
Infrastructure for RFI & EMI 

Measurements

I. Haywood, F. Camilo et. al., Infla(on of 430-parsec bipolar radio bubbles in the Galac(c Centre by an energe(c event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



RFI & EMC Measurements
What Infrastructure is Required for SARAO?

1. RFI Qualification
a. Reverberation or Anechoic Chambers

i. Required to measure to Telescope Protection Levels

2. RFI Monitoring
a. Fixed and Mobile Monitoring Stations

i. Statistical data feeds into RFI Database
b. MeerKAT Telescope
c. COMRAD

a. Passive RADAR Aircraft Tracking

3. RFI Characterisation
a. RFI Facility or In Situ Measurements

i. Data and Reports feed into RFI Database

4. RFI Hunting
a. Mobile RFI Monitoring Station
b. Direction Finding
c. On the Ground Measurements
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RFI FACILITIES
EMC CHAMBERS

I. Haywood, F. Camilo et. al., Infla(on of 430-parsec bipolar radio bubbles in the Galac(c Centre by an energe(c event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



EMC Chambers
Facilities available to SARAO for RFI Qualification

1. EMC Facili<es for RFI Qualifica<ons
a. Reverbera(on Chambers

i. Cape Town (Opera(onal)
ii. Site Karoo (end of 2020)

b. Screened Room (to be upgraded to Reverb Chamber)
a. Denel Houwteq

c. Anechoic Chamber
a. Denel Houwteq

d. Universi(es:
a. Stellenbosch (Reverbera(on Chamber + Anechoic Chamber)
b. CPUT (Reverbera(on Chamber)

2. RFI Monitoring Sta<ons
a. Fixed Monitoring Sta(ons

a. Core Opera(onal :: ASC, HERA & Losberg
b. Mobile Monitoring Sta(ons

a. RFI Measurement Vehicle



EMC Chambers
SARAO Reverbera+on Chamber :: Cape Town

Measurements in the SARAO Reverberation Chamber in Cape Town, South Africa

Tektronix RSA5115B

Real Time Spectrum Analyser

15 GHz; 165 MHz Acq. BW

RTA-3.6

Real Time Transient Analyser

20 MHz to 3 GHz, 800 MHz Inst. BW

Total Emitted Power for DUT

(EIRP)

DUT



EMC Chambers
Reverberation Chamber

Typical Reverberation Chamber

SKA1 DISH RFI Measurements:: MPIfR



EMC Chambers
Reverbera'on Chamber

Working Volume Calibration :: Field Uniformity



EMC Chambers
Anechoic Chamber

Denel Houwteq :: Anechoic Chamber



EMC Chambers
Reverbera'on vs. Anechoic Chamber

Reverberation Chamber Anechoic Chamber

Directivity of Antenna Independent of antenna gain Dependent on gain and directivity

DUT Radiation Pattern Independent of DUT radiation pattern Have to be in main-beam of DUT radiation pattern

Measurement Distance Independent of distance Requires far-field distances

Antenna Polarisation Independent of antenna polarisation Vertical and horizontal polarisation

Measurement Total emitted power level from DUT E-field

Tests Radiated Emissions and Susceptibility Radiated Emissions (requires high power for immunity)

Time Much quicker tests Slower (device rotation, antenna polarization etc.)
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RFI 
MONITORING

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 Monitoring
Fixed Monitoring Stations

✔
✔
✔

✔
✔

✘✘✘✘



RFI Monitoring
Fixed Monitoring Sta/ons



RFI Monitoring
Fixed Monitoring Sta/ons



RFI Monitoring
Fixed Monitoring Stations

RTA-3.6 Real Time Analyser

Input Impedance 50 Ω

Instantaneous 
Dynamic Range

90 dB

SFDR 50 dB

Freq Range

20 MHz to 2.5 GHz
[Band 1: 20 to 800 MHz]
[Band 2: 750 to 1050 MHz]
[Band 3: 900 to 1650 MHz]
[Band 4: 1550 to 2000 MHz]
[Band 5: 1950 to 2550 MHz]

Instantaneous BW 800 MHz

Min. Noise Floor -125 dBm

DANL (1 GHz) -171 dBm

File Format HDF5

Acq Time 70 us to 86 min

ADC Resolution 10 bit

TD Transients 16 us (32768 samples or resolution 0.5 ns) Hyperband Conical Antenna 
(“PROTEA”)

Discone Antenna

Omni-direc[onal Antenna

Serrated edges min. reflec[ons

RTA-3.6 Real Time Analyser



RFI Monitoring
Mobile Monitoring Stations (coming very soon)

Final work on shielded enclosure for instruments, power and cooling system



RFI / EMI Characterisation
Propaga'on Modeling [Predic'ons and Measurements]

Measurements

DUT
Propagation Modelling Predictions



RFI / EMI Characterisation
Propagation Modeling [Predictions and Measurements]



ComRAD
Commensal RADAR

Passive Radar (PR) exploits exis1ng transmi(ers of
opportunity such as commercial FM or DVB-T2 transmi@ers

as illumina1ng sources for detec1ng and tracking aircraC.

Passive Radar 
and the SKA

• Radio quiet zones are a unique applica1on for PR

• The Square Kilometre Array (SKA) Radio Telescope is a key example

• Radio reserves require air surveillance 

– Commercial and agricultural aircraC radios are a source of RF 
interference (RFI)

– Ac1ve radar is not suitable as it introduces addi1onal RFI

Info from Peralex - SKA Passive Radar Deployment – Progress Update April 2019



ComRAD
Commensal RADAR

Info from Peralex - SKA Passive Radar Deployment – Progress Update April 2019
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RFI 
MANAGEMENT 

TOOLS

I. Haywood, F. Camilo et. al., Infla(on of 430-parsec bipolar radio bubbles in the Galac(c Centre by an energe(c event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



RFI Management Tools
RFI Dashboard – RFI Monitoring Sta4ons [Live View, Sta4s4cal Data Playback, RFI FoM]



RFI Management Tools
RFI Dashboard – Permits, CoC & NCR Dashboard; RFI Reports Database; Detections Dashboards



RFI Management Tools
RFI Database



RFI Management Tools
Daily Automated RFI Reports
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CONCLUSIONS

I. Haywood, F. Camilo et. al., Infla(on of 430-parsec bipolar radio bubbles in the Galac(c Centre by an energe(c event, Nature, Vol. 573, pp. 235-237, 11 Sept. 2019



Conclusions

• Various instrumentation & infrastructure:
1. RFI Qualification

i. Reverberation Chambers
ii. Anechoic Chambers
iii. Screened Rooms

2. RFI Monitoring
i. Fixed Monitoring Stations
ii. Mobile Monitoring Stations

3. RFI Management
i. Management of CoC’s and RFI Permits
ii. Statistical Data
iii. RFI Database
iv. RFI Detection
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