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Note: I apologise in advance if I have missed out any antenna measurement 

facility capable of measuring antenna patterns, gain and polarization and I will 

be happy to add them and to update this presentation.
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1. INTRODUCTION

• Some time ago a young engineer asked me how long I had been involved in 

antennas and how many antenna measurement facilities there are in South 

Africa. The second question I suspect was more to find out how many places 

there are in South Africa where he could get a job as an antenna engineer.

• The answer to the first question was easy – ‘since 1966’.

• The second question needed a bit more thought – ‘probably 16 or so’, 

I replied after a quick mental count; but this was far off the actual number.

• Since I have been involved in antenna design and the design of antenna 

measurement facilities for my entire working life, I decided that a detailed 

review of all the antenna measurement facilities in the country 

will be useful from a historical perspective.  

• With the help and inputs from many organisations I have compiled the 

material in this presentation which gives a time line and reviews the nominal 

capabilities of antenna measurement facilities in South Africa.

• Anechoic chambers for EMI/EMC applications and those used in medical 

facilities are not discussed (there are many such facilities in South Africa). 

Generally the quality of the test field (amplitude and phase) for EMI/EMC 

testing is less stringent than that for antenna measurements. 

• Purpose-designed facilities to solve particular problems are also not included.
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2. QUICK OVERVIEW OF MEASUREMENT FACILITIES

• Many types of antenna test facilities (test ranges) are available, varying in 

frequency coverage and capabilities. Since not everyone in the audience is 

familiar with the different types of test facilities, a quick overview will be useful.

• All far-field test ranges attempt to simulate a plane wave (uniform amplitude 

and phase) over a desired volume and frequency band in the test zone [1].

• Test ranges must limit reflections from their surroundings (whether indoors or 

outdoors) and must reduce extraneous signals (other transmitters).

• Near-field test ranges measure amplitude and phase in the near-field and 

then create the far-field patterns by mathematical transformation [2].

• All test ranges must create a repeatable measurement environment and users 

must apply standard test procedures and good measurement practices [3].

• Size and mass of antennas to be tested may be limited by the test positioners 

and by wind loading at outdoor test ranges.

• Test facilities have certain capabilities based on their original designs. Over 

the years users have extended the capabilities using their own experience 

and understanding of the measurement errors and how to account for them.
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• The radiation zones determine whether we are measuring in the reactive or 

radiating near field, the far field or somewhere in between.

At a test distance of R = 2 D2/ λ

there is a 22.5º phase taper at 

the edge of the antenna under 

test (AUT). Amplitude taper 

depends on the source 

antenna pattern.
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Outdoor ground reflection range (GRR)

• Very good test field for low frequencies (down to 500 kHz) and up to 

microwave frequencies (18 or even 40 GHz). 

• Can accommodate large antennas/platforms, but can be very expensive 

because of land required.

• The ground reflection cannot be eliminated so it is utilised.

• The transmit height is set so that direct and reflected waves arrive in phase.
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Outdoor elevated and slant ranges

• Elevated and slant ranges try to eliminate the ground reflections.

• Ideally, the nulls and/or the low sidelobes of the source antenna should 

point towards the specular reflection area to minimize ground 

reflections into the test zone.

• For the slant range an elevation axis is needed on the test positioner to 

tilt the antenna under test (AUT) down towards the source antenna.

Elevated test range Slant test range
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Rectangular and tapered anechoic chambers

• For the same width (W) and height (H) the tapered chamber gives about double 

the test distance of the rectangular chamber as shown.

• The tapered chamber can operate to much lower frequencies for same W and H.

• If W = H, nominal size of test zone for amplitude is W/3 but phase may dominate. 

θi = angle of incidence
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Compact ranges

• Use parabolic reflector to collimate (focus) the energy for uniform phase.

• Potentially a large test area with uniform phase, need large reflector.

• Ideal for antenna and RCS measurements from about 1 GHz up.

• Installed in fully absorber-lined room.

Plane wave
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Near-field scanners

• Measure amplitude and phase of the antenna under test (AUT) either in the 

transmit or receive mode over some test area or volume close to the AUT.

• Obtain far-field performance by mathematical transformation.
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Typical planar near-field scanner in absorber-lined room

Fully absorber-lined room
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3. 1968 to 1970: THE FIRST ANECHOIC CHAMBER IN SA 

• The first anechoic chamber in South Africa (SA) was designed at the National 

Institute for Defence Research (NIDR) of the CSIR in 1968, absorber material 

was ordered and installed in 1969 and chamber commissioned in early 1970. 

• The primary purpose was for the development of C-band height finders and 

X-band monopulse trackers.

• This rectangular anechoic chamber was 3.1 m x 4.2 m x 10.5 m (H x W x L) .

• Chamber used what was then one of the most advanced and useful pieces of 

RF and microwave test equipment – the Hewlett Packard HP 8410A vector 

network analyser (amplitude and phase) operating from 110 MHz to 12.4 GHz.

• This facility drew some of the best engineers, scientists and mathematicians to 

the CSIR since it was one of the few places in SA where advanced work was 

being done in radar and electronic warfare (EW).

• The absorber material in the anechoic chamber was ‘old generation’ carbon 

loaded foam pyramids. The material was unpainted black and exuded a vapour  

with a characteristic smell; this led to the absorber becoming brittle over time. 

• The unpainted material  started to degrade and by 1980 it was in serious need 

of repair and upgrade. Damaged absorbers were replaced and all other 

absorbers were removed and sprayed light blue with water-based paint [4].
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The original anechoic chamber at NIDR (1970)
(with upgrades in red done about 1980)

• From 1970 to 1979 this was the only anechoic chamber in South Africa.

• Upgrades are shown in red and test position Tx1 gives better angle of incidence 

on sidewall absorbers thereby reducing operating frequency to 500 MHz.

• Chamber was de-commissioned in 2010 after a working life of 40 years.
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4. HISTORICAL OVERVIEW OF ANTENNA 

MEASUREMENT FACILITIES IN SOUTH AFRICA

1970 to 1983: Semi-government and SANDF facilities (6)

• 1970: CSIR: 3.1 m x 4.2 m x 10.5 m  (H x W x L) rectangular anechoic 

chamber (0.5 to 18 GHz), refurbished 1980* [4] and de-commissioned 2010.

• 1979*: CSIR: 3 m x 3 m x 5 m (H x W x L) rectangular anechoic chamber 

(1 to 40 GHz), moved to new location in 2011 and not set to work again.

• 1981: Denel Dynamics: 4 m x 4 m x 6 m (H x W x L) rectangular anechoic 

chamber (Plessey UK) (1 to 24 GHz). Oldest anechoic chamber in SA still in

full-time use with original test positioners.

• 1982*: The National Antenna Test Range (NATR) at Paardefontein: 

several ground-reflection ranges operating from 500 kHz to 40 GHz [5 and 6].

• 1983: SA Navy: 2.9 m x 5.3 m x 6.9 m (H x W x L) rectangular anechoic 

chamber (2 to 18 GHz), now extended down to 1.5 GHz and up to 40 GHz [7].

• Circa 1983: SA Air Force: Semi-open anechoic chamber (X band).
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Denel Dynamics “old” chamber

• Rectangular chamber 4 m x 4 m x 6 m, procured from 
Belling & Lee through Plessey UK, built January 1981 and 
still in full-time use. Original Scientific Atlanta positioners  
(Az over El over Az and polarization) are still going!

• Chamber operated from 1 to 24 GHz although specified 
from 2 to 40 GHz.

• A spectrum analyzer is used as the receiver together with 
an in-house software suite.

• A full set of standard gain horns is available.

• Used mainly for pattern measurements, although RCS, high 
power antenna and RF environment simulation 
measurements have also been performed. 

• 3D measurements are very labour intensive.
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Outdoor test ranges, NATR at Paardefontein

• The National Antenna Test Range (NATR) at Paardefontein north of Pretoria 

comprises four outdoor measurement facilities as well as the general site.

• The 500 m long Microwave Range was originally designed as a radar 

antenna test range for 500 MHz to 40 GHz, but it is now increasingly used 

to develop and test signal intelligence (SIGINT) systems in the 500 kHz to 

18 GHz frequency band.

• The 300 m long VHF/UHF Range was designed for communications 

systems in the 1 MHz to 3 GHz frequency band. It is now used over the 

1 MHz to 18 GHz frequency band.

• The Slant Range has a test distance of about 43 m and is used primarily 

for 1 to 18 GHz.

• There is a vehicle turntable with an underground room for test equipment.

• The general site can be used for VSWR, power, scale model and other 

measurements.

• User manuals, which detail the types of measurements and potential 

errors, exist for the various test ranges.
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NATR Google Earth

The NATR is situated on a fenced property about 1 km x 1 km on a side. 

The test range is easily visible on Google Earth (25.553322 S,28.372815 E) 

with views going back to at least 2004.
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The need for a national antenna test range

• In the 1970s it became clear that SA would need a National Antenna Test 

Range (NATR) to support local industry and the Council for Scientific and 

Industrial Research (CSIR) did various studies to assess the requirements.

• In 1978 Johannes Cloete, while at NIDR, did a detailed feasibility study and 

capital budget for a microwave antenna test range to support the local testing 

of the ATCR-33 air traffic control radar antennas to be manufactured by 

Barlow Electronic Systems (BES).

• Bic McKechnie and Chris Leah (Armscor Radars and Computers) strongly 

supported the proposal and backed it with funding to acquire the capital 

equipment (positioners and receivers) from Scientific Atlanta.

• In parallel the National Institute for Telecommunications Research (NITR) of 

the CSIR (Boris van der Riet and Duncan Baker) were working with Armscor 

Telecommunications to secure the site at Paardefontein for the NATR. 

• The site had been in use from 1964 when it was developed by the French 

Centre National d'Etudes Spatiales (CNES) as a weather balloon launching 

and tracking station. NITR had been operating the site on behalf of CNES 

and when CNES decided to discontinue satellite tracking from Paardefontein 

there was a concerted effort by all parties to secure the site for the NATR.
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• The site was allocated for the NATR and work began on the microwave 

range in 1980/1981. After Johannes Cloete left NIDR in 1981, Dirk Baker 

took over the technical implementation of the microwave range overseeing 

all work on site including the civil works.

• Commissioning and evaluation was done in 1981 and 1982 and the first 

ATCR-33 antenna measurements took place in May 1982.

ATCR-33 antenna (5.5 m x 2.7 m) on Az/El/Az positioner (4500 kg vertical load)
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Vertical field probe on test positioner and test field distribution at 9.6 GHz

Lightning rod, 

removed 

during testing.

Measured (——), Predicted  (● ●)

Smooth taper of 0.6 dB and no ripple 

over full 5.5 m (18 ft.) vertical aperture.
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World-class capabilities of the NATR

• This photo shows a 500 kHz to 18 GHz SIGINT 

monitoring and direction finding (DF) system (1.4 m 

high x 0.5 m diameter) with a 26 MHz to 3 GHz gain 

reference antenna looking down range.

• To the best of my knowledge this is the only facility in 

the southern hemisphere (and one of very few in the 

world) where such a system can be tested and 

calibrated for DF in azimuth and over an elevation 

range from 10⁰ below and to 70⁰ above the horizon  

without having to remove the system from the test 

positioner. This is a frequency bandwidth of 36 000:1!

• There are, of course, several frequency sub bands.

• Ed Gillespie, chairman of the IEEE Antenna 

Standards Committee for IEEE Std-1979 [3], states in 

Lo and Lee Antenna Handbook  [8]: “Reference 17 

contains an excellent example of a ground-reflection 

range”. Reference 17 is reference [6] in this 

presentation.

• The NATR is a truly world-class facility which is still 

used extensively by local and international entities.
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1984 to 1992: Defence/aerospace industry and universities (7)

• 1986: Grinel (now Saab Grintek Defence – SGD): 3 m x 3 m x 4 m 

(H x W x L) rectangular anechoic chamber for 2 to 18 GHz spiral antennas, 

length increased to 6 m in 2013* and frequency extended for 0.7 to 40 GHz.

• 1987*: EMLab (Electromagnetics Laboratory) (now SGD): 2.4 m x 2.4 m x 4.3 m 

(H x W x L) rectangular chamber (1 to 40 GHz), upgraded 0.7 to 42 GHz.

• 1988: Stellenbosch University: 3.6 m x 5.5 m x 9.1 m (H x W x L) rectangular 

anechoic chamber housing a 2.6 m (X-axis) x 2.0 m (Y-axis) planar near-field 

(PNF) scanner with cylindrical near-field (CNF) capability (1 to 26.5 GHz).

• 1989*: Sysdel: 3.1 m x 3.2 m x 4.7 m (H x W x L) rectangular chamber 

(1 to 40 GHz), primarily for system tests.

• 1990: University of Pretoria: Compact range (Scientific Atlanta) 4.1 m x 6.1 m 

reflector with blended rolled edge (1 to 40 GHz) housed in 7 m x 9 m x 18 m fully 

absorber lined anechoic room. This is a world-class turnkey facility.

• 1992*: EMLab (now SGD): First tapered anechoic chamber in South Africa

3 m x 3 m x 12 m (H x W x L) (0.4 to 40 GHz).

• 1992: University of the Witwatersrand: 4.5 m x 2.7 m x 8.2 m 

(H x W x L) , fully-shielded rectangular anechoic chamber (0.8 to 6 GHz).
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Compact Range

▪ Commissioned – August 1990

▪ Scientific Atlanta Model 5754  

Offset Reflector (94 GHz)

Blended rolled edge

4.1 m (high) x 6.1 m (wide)

▪ N5264A PNA-X (Keysight Technologies)

Measurement receiver (40 GHz)

▪ Housed in a microwave absorber-lined room 
7 m x 9 m x 18 m

▪ Absorbers are mainly 12” (305 mm) high performance  
pyramidal and wedge shaped blocks

▪ Test zone (Elliptical cylinder)

4’ (1.2 m)(high) x 6’ (1.83 m)(wide) x 6’ (1.83 m)(long)

▪ Width of test zone is about 30% of reflector width.

▪ Amplitude taper 

 1 dB, typical (2-94GHz)

▪ Phase variation

 10 degrees (2-18GHz)

 20 degrees (18-94GHz)

Fully-instrumented world-class facility

Scientific Atlanta, Instruction Manual Model 5754 Compact Antenna Range, June 1987
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1 to 40 GHz SGD spinning DF system in compact range
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Advanced 0.5 to 40 GHz ELINT system in Sysdel chamber
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1993 to 2011: Defence/aerospace industries (4)

• 1996: Omnipless Manufacturing: Tapered anechoic chamber (Cuming 

Microwave) 2.4 m x 2.4 m x 7 m (H x W x L) (0.5 to 18 GHz), 

used mainly in L band.

• 2001*: EMLab (now SGD): Tapered anechoic chamber 4.3 m x 4.3 m x 14 m 

(H x W x L) (0.3 to 40 GHz). For 15 years the largest tapered chamber in SA.

• 2001*: SAAB Avitronics (Cape Town) (now SGD): 3 m x 3 m x 6.1 m 

(H x W x L) rectangular anechoic chamber (1 to 18 GHz).

• 2002: Omnipless Manufacturing: Tapered anechoic chamber (Cuming 

Microwave) 3.8 m x 3.8 m x 11 m (H x W x L) (0.2 to 18 GHz), 

used mainly in L band.

This 18 year period was relatively quiet for the establishment of local 

measurement facilities with only four new anechoic chambers (one rectangular 

and three tapered chambers) being commissioned – all for aerospace and 

defence industries.
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0.5 to 18 GHz DF system in SGD tapered chamber

(1.2 m high x 0.9 m diameter)
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View from tapered chamber tip



Amplitude comparison DF system calibration in SGD 

(Cape Town) chamber 
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2012 to 2018: Commercial telecommunications and defence/ 

aerospace industries plus upgrades at universities (10)

• 2012: MultiChoice: Rectangular anechoic chamber 2.2 m x 4.2 m x 5.5 m 

(H x W x L) (0.4 to 30 GHz).

• 2014: Stellenbosch University: Upgrade of PNF scanner and the addition 

of a spherical near-field (SNF) scanner by NSI-MiTech (1 to 26.5 GHz) [9].

• 2014*: Alaris Antennas: Tapered anechoic chamber 2.8 m x 2.8 m x 10.4 m 

(H x W x L) (0.2 to 40 GHz), used mainly 0.2 to 8.5 GHz.

• 2016*: Omnipless Manufacturing (Cobham Satcom): Tapered anechoic 

chamber 4.7 m x 4.7 m x 16.7 m (H x W x L) (0.2 to 40 GHz), used mainly in 

L and S bands. This is the largest tapered chamber in SA.

• 2016*: GEW Technologies: Tapered anechoic chamber 3.7 m x 3.7 m x 

13.6 m (H x W x L) (below 0.1 to 40 GHz), used mainly up to 10 GHz.

• 2016: LS Telcom of SA: Rectangular anechoic chamber 4 m x 4 m x 8 m 

(H x W x L) fully-lined with 800 mm high absorbers (0.2 to 6 GHz).
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MultiChoice rectangular chamber for testing integrated mobile TV devices

Band-offset swept measurement of gain flatness and cross-polarization 

isolation of low noise blocks (LNBs) used in direct-to-home (DTH) installations
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World-class NF scanners supported by NSI-MiTech
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Panoramic view of Cobham Satcom tapered chamber from door

Main end wall on left, then 3.7 m wall of rectangular part, 12.3 m taper ending 

in circular conical funnel at source end. 
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• The source horn has small amount of pattern squint which shows up as a slightly 

asymmetrical amplitude distribution in the field probe data. The phase is symmetrical.
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Amplitude Phase

• Amplitude taper increases because source horn beamwidth decreases with 

increasing frequency.

• At 3 GHz the far-field diameter for phase is 800 mm.



Some system related results from GEW Technologies

• The GEW 3.7 m x 3.7 m x 13.6 m tapered anechoic chamber has 60 inch 

(1 524 mm) long absorbers on the main end wall. Below 500 MHz the 

chamber uses dual-polarized source antennas designed by GEW.

• The chamber is used for the development of custom antenna elements to be 

used in DF systems.

• One of the primary uses of the chamber is to calibrate DF systems.

• Extensive evaluation of the tapered 

chamber preceded the DF tests.

• DF systems are calibrated in the 

chamber and the calibration tables 

stored. These calibration tables are 

then used in an outdoor far-field test 

environment to measure the DF 

accuracy of incoming signals.

• The results are quite remarkable and 

illustrate what can be done when the 

characteristics of the measurement 

facility are understood.
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Tapered chamber with 0.3 to 6 GHz probe and source antennas at GEW
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• The rectangular part of the tapered chamber is normally square. 

• There is then a transition region from square-to-round lined with 

custom-tapered wedge absorbers.

• The round part of the square-to-round is provided with a series of conical 

funnels lined with flat sheet absorber.

• Proper selection of source antennas and axial focusing yield outstanding 

performance over wide instantaneous frequency bands (e.g., 0.3 to 6 GHz).



Amplitude and phase tracking 300 MHz to 6 GHz – Calibrate with source 

and AUT vertically polarized (VV) then rotate both antennas 90⁰ and 

measure with both antennas horizontally polarized (HH)
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Measured open-field DF accuracy based on calibration in tapered 

chamber (RMS error scale 0⁰ to 2.8⁰ for frequency 60 to 420 MHz)
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Even well below 100 MHz the measured RMS accuracy based on 

chamber calibration is outstanding. 



Remote Pilot Aircraft (RPA) in LS Telcom of SA rectangular chamber  

The RPA is used for transmit antenna pattern measurement of 

various transmitter stations at test distances from 50 to 600 m.
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2012 to 2018: Commercial telecommunications and defence/ 

aerospace industries plus upgrades at universities (10) (continued)

• 2017*: CSIR (DPSS): Tapered anechoic chamber 3.5 m x 3.5 m x 13.4 m 

(H x W x L) (0.2 to 40 GHz).

• 2018: Poynting Antennas: Tapered anechoic chamber 2.4 m x 2.4 m x 

6.7 m (H x W x L) (2 to 8 GHz).

• 2018: University of Pretoria: Extension of capabilities with the addition of 

a cylindrical near-field (CNF) scanner. See paper at this conference [10].

• 2018*: Saab Grintek Defence: Rectangular anechoic chamber 

2.3 m x 2.4 m x 4.3 m (H x W x L) (0.7 to 50 GHz).

This six-year period saw 10 new facilities or upgrades to capabilities (almost 

two a year): there were three new rectangular chambers (two for commercial 

applications), five tapered anechoic chambers (four for the defence and 

aerospace industry) and two near-field scanner upgrades at the University of 

Pretoria and at Stellenbosch University. The defence and aerospace industry is 

driven almost entirely by the export of locally developed products and systems.
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Source end and 2 to 18 GHz field probe in CSIR tapered anechoic chamber
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1.9 m long slide with SGD 2 to 18 GHz horn 

as probe. Source antenna is another SGD 

2 to 18 GHz horn. Ends of slide come very 

close to sidewalls. Can be set manually in 50 

mm intervals. Extensive evaluations for co-

and cross- polarization were done.

https://www.csir.co.za/


Boresight tracking VV to HH and cross polarization 2 to 18 GHz

For axial ratio measurements the tracking between the VV field to the HH 

field is important. If we calibrate with the source horn set for V polarization 

and calibrate with the receive horn also set for V polarization we get a 

0 dB reference line. If we now rotate both horns to horizontal polarization, 

under ideal conditions the result should be the same.

The tracking between calibrate VV and measure HH is within 0.2 dB from 

2 to 18 GHz which means that the tapered section does not degrade the 

propagation for V and H polarizations. Phase tracking (not shown) is excellent too.
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Cross polarization for 2 to 18 GHz over − 800 mm to + 800 mm aperture

The cross polarization is excellent being better than 30 dB over a 1.6 m wide aperture  for 

most of the frequency band, degrading at the band edges because the cross polarizations 

of the source and probe horns degrade below 2.5 GHz and above 17.5 GHz.
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Field taper is smooth with very few ripples. The beamwidth of the probe antenna 

impacts measured field roll-off above 16 GHz.

Field probes for wideband source antenna at fixed position (no refocussing) 
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Quiet zone diameter for 

phase is about 300 mm

https://www.csir.co.za/


3D surface of transverse field probes (X is transverse displacement in mm, 

Y is frequency in GHz and Z is amplitude in dB)
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At 18 GHz the far-field diameter for phase is about 300 mm. Out to + and – 400 mm 

the amplitude taper is less than 2 dB at 18 GHz.

https://www.csir.co.za/


5. CONCLUDING REMARKS
• The growth in the number of antenna measurement facilities in SA has been 

astounding and can be grouped into four distinct time periods or eras.

• After the first anechoic chamber built at NIDR in 1970 had proved the value 

of such a facility for the local development of antennas and systems; the 

CSIR, Armscor and the SANDF established five new facilities by 1983.

• From 1984 to 1992, the defence/aerospace industries and the universities 

got involved and seven new facilities were established – almost one a year.

• After this rapid growth phase, there was a an 18 year period from 1993 to 

2011 when only four new facilities were established by defence and 

aerospace industries which were focussing on exports.

• The period from 2012 to 2018 saw 10 new facilities with the entry of 

commercial entities, upgrades to existing university facilities and significant 

new facilities for the defence and aerospace industries. This is almost two  

new facilities per year. 

• If we add the EMI/EMC facilities and custom-designed anechoic boxes and 

facilities to solve particular problems (used for very specific applications), 

the number of 27 antenna measurement facilities will be far higher. 

• Of the 27 facilities listed in this presentation only three have been 

decommissioned, typically after 30 to 40 years of useful life. 
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CONCLUDING REMARKS (continued)

• Many organisations and individuals contributed material for this presentation 

(see Acknowledgments). 

• Evaluations of test facilities are complex and time consuming. Particular 

organisations may not have the in-house capabilities and equipment for this. 

• For most of the chamber evaluations, antennas and equipment were loaned 

between facilities. This is particularly true when antennas with good cross-

polarization and symmetrical squint-free co-polarized patterns are required.

• By sharing knowledge of measurement techniques with each other (even 

though they may be competitors) local organisations raise the skill and 

competence in antenna measurements for the entire country.

• There is a generally open and cooperative spirit between measurement 

facilities in SA which allows them to improve their measurement techniques 

by exchanging ideas.

• In-house facilities are no longer used only to develop antennas but also to 

calibrate systems which are delivered to customers all over the world. Without 

these facilities SA companies would be at a significant disadvantage globally.

• SA has a suite of world-class antenna measurement facilities dating back to 

the first anechoic chamber designed half a century ago. I am privileged to 

have played a part working with many world-class companies. 
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As a parting shot – in January 1982 Searcy Hollis and Doren Hess of 

Scientific Atlanta presented a one week antenna measurements 

course at the University of Pretoria
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