Al
\l
PRESENTER: Dr Braam Otto: =~~~ ' o 2
South African Radio Astronomy Observatory V- / ; r
Rotier Engineer e ; Measurement Infrastructure &
' ‘ Instrumentation

= : A. J. Otto, C. van der Merwe & A. Tiplad

gg; e e "NRF | SARA e

R REPUALIC OF SOUTE AFRICA e cundaton | sovorom; ouanitory (K 5t |UCAF Spectrum Management Summer School

= =<7, Stellenbosch, South Africa ::'2 to 6 March 2020




Presentation Overview

Measurement Infrastructure and Instrumentation

Introduction RFI Qualification RFI Monitoring RFI Dashboards
Infrastructure Reverbera_tion Chambers Fixeq &. MobiIeIRFI RFI Management Tools &
for REl & EMI Anechoic Chambers Monitoring Stations Database
Measurements ComRAD

South African Radio
Astronomy Obsorvatory

Sl science S,

& technology RF
(- -
V gy "a"o"aFlo':'nsd!:h!gE

REPUBLIC OF SOUTH AFRICA



INTRODUCTION

Infrastructure for RFI & EMI

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

Facilities available to SARAO for RFI Qualification

1. EMC Facilities for RFI Qualifications

a. Reverberation Chambers
i. Cape Town (Operational)
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. Universities:
a. Stellenbosch (Reverberation Chamber + Anechoic Chamber)
b. CPUT (Reverberation Chamber)

2. RFI Monitoring Stations
a. Fixed Monitoring Stations
a. Core Operational :: ASC, HERA & Losberg
b. Mobile Monitoring Stations
a. RFI Measurement Vehicle
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EMC Chambers

SARAO Reverberation Chamber :: Cape Town
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Tektronix RSA5115B
Real Time Spectrum Analyser
156 GHz; 165 MHz Acq. BW
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Real Time Transient Analyser
20 MHz to 3 GHz, 800 MHz Inst. BW
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EMC Chambers

Reverberation Chamber

Tuner/Stirrer
assembly

Typical Reverberation Chamber Non-conductive
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EMC Chambers

Reverberation Chamber

Working Volume Calibration :: Field Uniformity

Volume of uniform field

Tuner/stirrer
assembly

Fixed LPDA on a

non conducting support
LPDA in Position B Semirigid cable to Port2
in arbitrary orientation
and polarisation
LPDA in Position A
in arbitrary orientation
and polarisation
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EMC Chambers

Anechoic Chamber

Denel Houwteq :: Anechoic Chamber
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EMC Chambers

Reverberation vs. Anechoic Chamber

Directivity of Antenna
DUT Radiation Pattern
Measurement Distance
Antenna Polarisation
Measurement

Tests

Time

Science and Technology
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Reverberation Chamber Anechoic Chamber

Independent of antenna gain
Independent of DUT radiation pattern
Independent of distance
Independent of antenna polarisation
Total emitted power level from DUT
Radiated Emissions and Susceptibility

Much quicker tests

Dependent on gain and directivity

Have to be in main-beam of DUT radiation pattern
Requires far-field distances

Vertical and horizontal polarisation

E-field

Radiated Emissions (requires high power for immunity)

Slower (device rotation, antenna polarization etc.)
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RFI Monitoring

Fixed Monitoring Stations

Minimum Detectable Power Level (f=100MHz)
RF1 Monitoring Stations in the Karoo AAA
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RFI Monitoring

Fixed Monitoring Stations
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Daily Statistics: 2019-04-29

RFI Monitoring

Fixed Monitoring Stations
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RFI Monitoring

Fixed Monitoring Stations

Input Impedance 50 Q

Instantiameous 90 dB
Dynamic Range
SFDR 50 dB

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]

Freq Range

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

Serrated edges min. reflections
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RTA-3.6 Real Time Analyser

TD Transients 16 us (32768 samples or resolution 0.5 ns)

Omni-directional Antenna

Hyperband Conical Antenna
(“PROTEA”)



RFI Monitoring

Mobile Monitoring Stations (coming very soon)
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RFI / EMI Characterisation

Propagation Modeling [Predictions and Measurements]

Bergsio

VHF Mid Radio Repeater

SPLAT! Propagation Modelling vs. Measurements

Radio Repeater Measurements - Waaipunt
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Received Power Level [dBm)]
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RFI / EMI Characterisation

Propagation Modeling [Predictions and Measurements]

Radio Repeater Measurements vs. Propagation Modelling
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ComRAD

Commensal RADAR
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Transmitter

Passive Radar (PR) exploits existing transmitters of
opportunity such as commercial FM or DVB-T2 transmitters
as illuminating sources for detecting and tracking aircraft.

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

%,

surveillance
reference

PCL Rx

* Radio quiet zones are a unique application for PR
*  The Square Kilometre Array (SKA) Radio Telescope is a key example

PaSSIVe Radar *  Radio reserves require air surveillance

an d th e S KA — Commercial and agricultural aircraft radios are a source of RF
interference (RFI)

— Active radar is not suitable as it introduces additional RFI
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ComRAD

Commensal RADAR

-) eralex
Passive RADAR

L Fused Track #1874634

ICAO Code: 00C461
Callsign: CAW457

ADS-B: Active

Position [*] - (21.7890, -30.6558, 5000.0000)
Heading ['] - 227.9

Velocity [%] - 219.8

State : 2: Confirmed

»
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RFI Management Tools

RFI Dashboard — RFI Monitoring Stations [Live View, Statistical Data Playback, RFI FoM]

SARAO RFI Monitoring Station X +

(6 @® Not Secure | rfiserver.cpt.kat.ac.za

National Research | South African Radio
Foundation | Astronomy Observatory

Radio Frequency Interference Monitoring - ASC
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Live View [Restricted User] Statistical Data Playback RFI Figure of Merit (FoM)

Radio Frequency Interference Monitoring - HERA
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RFI Management Tools

RFI Dashboard — Permits, CoC & NCR Dashboard; RFl Reports Database; Detections Dashboards

Radio Frequency Interference Management Tools
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RFI Contrls Dashbosrd
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SARAO RFI Report Database [Restricted User]
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RFI Management Tools

RFI Database

A S Radio Frequency Interference Report

SARAQO RFl reports ‘

FILTERS

CATEGORIES

Camera (202)

Optical Pointing Camera System (7)
Video Camera (3)

Camera Flash (2)

Camera Remote Control (2)
Camera (1)

Camera Display Monitor (1)
Microphone (1)

MANUFACTURER
Canon (81)
Nikon (44)
Sony (27)
GoPro (11)
Pentax (10)
Panasonic (8)
DJI (5)
Olympus (5)
EO (4)
Samsung (3)
SARAO (2)
360fly (1)

Arri (1)
Atomos (1)
BFR Digital (1)
Brinno (1)
EasyCAP (1)
FuijiFilm (1)
Go Pro (1)
Hahnel (1)

AUTHOR

camera

01/01/2008 to 02/03/2020

219 results for camera

igital Camera
Report Generation Date: 2019-04-18T00:00:00Z
eport id: M2901-0000-176

Digital Camera
Report Generation Date: 2019-03-20T00:00:00Z
report id: M2901-0000-168

EO Optical Pointing Camera
Report Generation Date: 2019-09-18T00:00:00Z
report id: SSA-0008J-027

Canon D50 Camera
Report Generation Date: 2018-05-02T00:00:00Z
report id: M2901-0000-121

Nikon D750 Camera
Report Generation Date: 2018-05-09T00:00:00Z
report id: M2901-0000-123

Nikon Camera
Report Generation Date: 2019-04-23T00:00:00Z
report id: M2901-0000-177

Nikon Digital Camera

Report Generation Date: 2019-02-18T00:00:00Z
report id: M2901-0000-163

Digital Camera

Report Generation Date: 2020-01-06T00:00:00Z
report id: SSA-0008J-052 g

MeerKAT 62 Optical Camera
Report Generation Date: 2015-06-25T00:00:00Z

Nikon D7000 Camera Video
Report Generation Date: 2018-02-05T00:00:00Z

RF
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Foundation | Astronomy Observatory

/Cmn.  Eaton De Jongh

Email : eaton.dejongh@gmail.com
Project : SKA
Type _: RFI PERMIT

RFI MEASUREMENTS: Sony ¢6500, Sony 7S Mark I1, Sony FS5 XDCam 4K

Document Number.

M2901-0000-176
01

Classification Commercial in Confidence
Author Jason Fynn
Dat 26/04/2019

RFI1807-0030-001

@ SARAO
RFI Permit No
m RFI Notice Type A

SKA AfRicA Date Issued 2019/03/26

RFI Permit

Valid Until 2019/09/30

Part 1: Description of RFI Source / Culprit

1.1. Short description of equipment Ancillary equipment used during construction.

1.2. Equipment make / brand name and Model See Table 1 in Report M2901-0000-167

1.3. What will the equipment be used for? Construction of SKA1 DISH Prototype

1.4. Will the equipment be Permanent or Temporary? | Temporary

1.5. Date deployed to site 2019/03/01

1.6. Date to be removed from site (if applicable) 2019/09/30

1.7 Contactl Name and Organisation Henk Niehaus ‘ SKAO
1.8 Contact] email henk@ska.ac.za

1.9 Contact2 Name and Organisation ‘Thomas Kusel [sarao

1.10 Contact2 email

tkusel@ska.ac.za

Part 2: RFI Test

2.1 RFI Test - Test Facility On Site (Losberg)

2.2 RFI Test date 2018/07/01

2.3 RFI Test report reference M2901-0000-167

Part 3: Restrictions on Location and Use

3.1 This equipment may be used within the following zones, subject to other restrictions listed below

No m'm"‘ aw“h’“ 20m from No Zone 1: Tnner Core (1500m)

Yes Zone 2: Outer Core (5000m) | No Zone 3: PAPERHERA (300m)
N/A Zone 4: Airstrp (750m) No Zone 5: KAT-7 (300m)

N/A Zone 6: Meysdam (300m) | N/A Zone 7: High Elevation Site (300m)
NA Zone 8: Site Complex (300m) | N/A Zone 9: Losberg(300m)

NA Zone 14: Surrounding Fams | N/A Zone 15: Klerefontein

3.2. Restrictions on Day / Night use As set out in Section 3.5 of this permit

3.3 Do Not use after (time) | Sec. 3.5 3.4 Do Not use before (time) Sec. 3.5

[

‘Sony Fs5 XDCam Recording, External Touch Screen Electric Field Strength @ 10m

RFI Zones at the Core Site
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RFI Management Tools

Daily Automated RFI Reports

RFI Montioring Station ASC - Mon Aug 26 00:00:00 2019 to Mon Aug 26 23:00:00 2019 (f = 50 to 2500 MHz)
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Conclusions

e Various instrumentation & infrastructure:

1.

RFI Qualification

i.  Reverberation Chambers

ii.  Anechoic Chambers

iii. Screened Rooms

RFI Monitoring

I.  Fixed Monitoring Stations
ii.  Mobile Monitoring Stations
RFI Management

I.  Management of CoC’s and RFI Permits
ii.  Statistical Data

iii. RFI Database

iv. RFI Detection
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