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Europe’s most advanced 
antenna test chamber goes  
into operation

Rohde & Schwarz has created and installed a 
new anechoic test chamber at its Memmingen 
plant. The state-of-the-art facility is used for 
carrying out precision antenna measurements 
and offers performance characteristics unique 
in Europe. The test chamber supports all types 
of measurements for the comprehensive 
Rohde & Schwarz antenna portfolio. In partic-
ular, it is used to perform three-dimensional 
radiation pattern measurements on direction 
finding (DF) antennas (see figure). It features 
an exceptionally wide frequency range from 
200 MHz to 40 GHz and an outstanding ±0.02° 
angular accuracy for positioning the antenna 
under test (AUT). The chamber’s eight-axis 
positioning system moves the AUT into the 
desired position. The system can handle AUTs 
with a weight up to 200 kg.
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Constraints of PC antenna simulation
Rohde & Schwarz ranks among the most renowned antenna 
manufacturers in the world. The company’s product portfo-
lio includes broadband antennas for a wide range of applica-
tions, including EMC testing, spectrum monitoring, and radio-
monitoring and radiolocation. These high-tech, performance-
optimized antenna systems require advanced, high-precision 
T&M technology and equipment in development and produc-
tion. Numerical simulation tools used during the design phase, 
in combination with ever more powerful computers, can sim-
ulate antennas efficiently and accurately by way of approxima-
tion. However, with antennas becoming more and more com-
plex, simulation times also increase and are in part extremely 
long. More often than not, it is hardly possible to fully model 
the antenna structure or its details. This is aggravated by the 
fact that the electrical properties of the materials used are 
often not sufficiently known, plus they vary with frequency.

Notwithstanding the above constraints, it is imperative that 
antenna tests and measurements be conducted with the 
utmost accuracy in development and production. This applies, 
for example, to DF antenna systems. Their three- dimensional 
radiation patterns need to be measured with high  accuracy 
for the systems to deliver precise bearings. The calibration 
values determined during these measurements are used, 
together with suitable algorithms, to correct even the smallest 
individual RX values measured for a specific radio signal for 
 different angles of incidence and different signal types. The 
calibration values are the prerequisite for obtaining accurate 
bearings and, ultimately, for locating unknown radio transmis-
sions with high precision.

Precise characterization is also required for test antennas, 
which in part need to comply with accredited and interna-
tional standards. For each antenna, a calibration data set is 

created that comprehensively characterizes the antenna. Cal-
ibration is mandatory to ensure that the measurement data 
obtained for an antenna under test (AUT) measured with a 
specific test antenna are correct, verifyable and reproducible 
in order to allow the data to be compared, for instance, with 
legally stipulated limits.

Test chambers ensure high-precision 
measurements
Test chambers are the best choice when highly accurate and 
reproducible measurements are required. The shielded cham-
bers prevent unwanted external interference from  affecting 
measurement results and offer constant conditions, ensur-
ing long-term stability and reproducibility, which are essen-
tial requirements for high measurement accuracy and reliabil-
ity. Test chambers are not subject to influences that distort 
measurement results, such as electromagnetic fields caused 
by weather conditions during far-field measurements. Mea-
surements can be carried out at any time of the day and at 
frequencies not permitted at open area test sites. Plus, new 
product developments are kept confidential. 

The broad Rohde & Schwarz antenna portfolio includes prod-
ucts of all sizes and weights for applications from the AF to 
the GHz range. This calls for a correspondingly versatile test 
system. A universal test system is required to cover anten-
nas with both low and high directivity. This is best achieved 
with a system that performs spherical measurements, i. e. 
that collects measurement data over the surface of a sphere. 
The challenge is the measurement distance required in each 
case. For example, a parabolic antenna with a diameter of 
3 m requires a far-field measurement distance of 2 km at an 
18 GHz measurement frequency. Applying the rule of thumb of 
4D2/λ, this distance may produce a phase error of up to 11.25°. 
This contrasts with the Rohde & Schwarz antenna performance 
specifications, which require a DF accuracy of 1° to 2°. The 
approach to solving this problem is to  transform near-field 
measurement data into far-field data. To be able to measure 
both under near-field and far-field conditions, Rohde & Schwarz 
decided in favor of a flexible eight-axis positioning system 
from ACC (Fig. 1) that allows continuous adjustment of the 

Fig. 1: Eight-axis positioning system in new antenna test chamber at 

Rohde & Schwarz Memmingen plant.

Key specifications for antenna test chamber
 ❙ Frequency range: 200 MHz to 40 GHz
 ❙ 3D near-field and far-field measurements
 ❙ Chamber dimensions (L × W × H): 14 m × 10 m × 8 m
 ❙ Antenna weight: up to 200 kg; antenna length: up to 2 m
 ❙ Flexible eight-axis positioning system
 ❙ Measurement distance: < 8.5 m
 ❙ Positioning accuracy: ±0.02°
 ❙ Shielding effectiveness: > 80 dB
 ❙ T&M instrument for antenna characterization:  
R&S®ZVA 40 vector network analyzer
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R&S®HF907OM; 20.75 GHz, E plane
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measurement distance between 1 m and 8.5 m. For further 
key data for the test chamber, refer to the box on page 54. 

Near-field measurements are performed in the radiative near-
field region, which contains practically no reactive compo-
nents. The antenna radiation pattern is already fully formed in 
this region, and there is distinct polarization. Near-field-to-far-
field transformation of measurement data can help to deter-
mine whether the far-field condition was met during a mea-
surement. If this is the case, the pattern shown below (Fig. 2) 
should not change any more. As the measurement distance 
increases, there is less and less interaction between the AUT 
and the probe. A short measurement distance is beneficial 
for the signal-to-noise (S/N) ratio. However, amplitude and 
phase inaccuracies have a more dramatic impact in the near 
field than in the far field. Since the far field is calculated from 
the near-field measurement data, near-field measurements 
require a high positioning accuracy. The positioning system 
from ACC offers an accuracy of 0.02°, which makes it ideal for 
this application. Near-field measurements are usually carried 
out as sphere measurements using grid sampling. In addition, 
two linearly independent polarizations need to be measured. 
These measurements can take a long time, depending on the 
AUT size and the measurement frequency. Far-field measure-
ments are therefore the preferred choice, provided the anten-
na’s electrical dimensions allow this method.

Rohde & Schwarz uses the ARCS software from March Micro-
wave Systems in which a near-field-to-far-field transforma-
tion software from TICRA is implemented. The TICRA soft-
ware models an electromagnetic near field using multipoles 
as equivalent sources based on the following formulas: 
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 (ρ,ϑ,Φ) designates the electrical field in a spherical coor-

dinate system, H 
 

(ρ,ϑ,Φ) describes the magnetic field, β0 is 
the wave number of free space, ZF0 is the impedance of free 
space, Q stands for the AUT’s spherical mode coefficients, 
and F 


 represents the spherical vector modes. For more infor-

mation, refer to [*]. In reality, however, the number of spher-
ical modes does not approach infinity but is truncated after 
n = N. The second translation axis of the positioning system 
can be used to position the AUT’s phase center as precisely 
as possible in the center of rotation, minimizing the number 
of modes required for electromagnetic near-field modeling 
and keeping AUT phase variation to a minimum. If the AUT’s 
phase center is outside the center of rotation, the number of 
required modes increases and the AUT phase varies strongly 
(see Fig. 3). Depending on the number of required modes, the 
sampling grid must be selected so that the antenna radiation 
pattern can be exactly and unambiguously reproduced.

To take into account the impact of the probe, the AUT’s spher-
ical-mode field representation is transformed into the probe’s 
coordinate system, and the following transmission formula 
can be derived: 
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Fig. 2: Does the antenna pattern change at a distance of 1∞? In the above example, the far-field condition is fulfilled to a high degree, so that there is 

hardly any change in the antenna pattern after near-field-to-far-field measurement data transformation. Blue: near-field measurement data; red: measure-

ment data transformed from the near field into the far field.
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Spherical near-field measurement at 17 GHz
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The translation and rotation coefficients are represented by 
aσμν . R is the probe’s receiving coefficient; a and b desig-
nate the forward and the reflected power waves. The trans-
mission matrix can be easily resolved for first-order probes 
by applying a twofold fast Fourier transform (FFT). The draw-
back is that real-world first-order probes are narrowband. At 
the Rohde & Schwarz Memmingen plant, double-ridged wave-
guide horn antennas are used to perform broadband mea-
surements. One of these antennas covers the frequency 
range from 1 GHz to 18 GHz, for example. In cooperation 
with the Institute for High-Frequency Engineering at the Tech-
nische Universität München (TUM), Rohde & Schwarz is inves-
tigating the impact of the probe on the measurements. The 
institute developed a new transformation algorithm based on 
equivalent current sources. The new algorithm includes full 
probe correction. Commercial software (such as TICRA) only 
supports first-order probe correction. Another advantage of 
using equivalent current sources is that the current distribu-
tion close to the AUT’s aperture can be visualized. This diag-
nostic approach (Fig. 4) is useful during antenna development. 
The current distribution in the antenna aperture reveals design 
errors and provides information about the radiation pattern.

During the evaluation phase for the antenna test cham-
ber, measurements on antennas with known characteristics 
were performed, for example on the R&S®HL223 log-peri-
odic antenna (200 MHz to 1.3 GHz). Fig. 5 shows the antenna 
gain measured in the new antenna test chamber using the 
three-antenna method. The measured gain is compared 
against the gain of a calibrated antenna. The data of the cal-
ibrated antenna is given with a measurement uncertainty of 
±1 dB. The gain values measured in the antenna test cham-
ber already follow the calibrated antenna curve very closely. 
Below 0.5 GHz, the measured values and the values of the 
calibrated antenna deviate slightly from one another, since 

in this frequency range the positioning system contributes to 
the radiation characteristic, for example.

To further enhance measurement accuracy, the gating func-
tion implemented in the ARCS software is used. Data 
acquired in the frequency domain are transformed into the 

Fig. 3: Measurement results with the AUT phase center outside (left) and inside (right) the center of rotation. Blue: near-field measurement data;  

red: measurement data transformed from the near field into the far field. 

Fig. 4: Representation of currents on antenna aperture.
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time domain using an inverse FFT (IFFT). Depending on the 
frequency resolution ∆f and the bandwidth B, the following 
alias-free range (AFR) is obtained:

c c ,AFR
B / (Nf – 1) ∆f

= =

In the AFR, only the true time domain responses are shown. c 
represents the speed of light. Reflections in the measurement 
path caused by components with different impedances or by 
nonideal absorbers can be filtered out in the time domain by 
selecting the appropriate ACRS TimeGate function and length 

Fig. 5: Comparison of R&S®HL223 antenna gain measured in the 

 Memmingen antenna test chamber (blue) with the gain of a calibrated 

antenna (red).

(Fig. 6). It is helpful to know the measurement path when 
determining the extent to which the signal amplitude can be 
attributed to the antenna and what peaks are undesirable. If 
the antenna response in the time domain extends over a lon-
ger period of time and is superimposed with reflections, it 
is virtually impossible to tell the antenna signal from unde-
sired responses. Further correction mechanisms are therefore 
required. The TUM Institute for High-Frequency  Engineering 
in cooperation with Rohde & Schwarz is currently develop-
ing echo suppression methods. One approach is to carry out 
near-field measurements on different radii. The results are 
transformed into far-field data, and a set of far-field  radiation 
patterns is created. Using singular value decomposition, these 
patterns are split into major and minor components. The 
minor components lead to errors; only the major component 
is assumed to represent the true far field. Further methods 
aimed at enhancing measurement accuracy are under way.

Summary
The new antenna test chamber enables high-precision 
3D measurements from 200 MHz to 40 GHz. As a result, 
Rohde & Schwarz is ideally equipped to meet the T&M chal-
lenges for its comprehensive antenna portfolio.

Dr. Yvonne Weitsch

Fig. 6: The ARCS soft-

ware TimeGate function 

can be used to filter out 

reflections that occur in 

the measurement path.
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