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Abstract — Balancing the performance and cost of antenna 

measurement RF sub-systems is an important part of the design 

process. Small or low frequency systems often use a centrally 

located vector network analyser without any remotely installed 

RF electronics. As these systems get larger or the frequency 

increases, the need to locate RF components remotely to 

maximize the available dynamic range grows. Support for 

multiple RF bands, changes in the direction of propagation, 

adjustable power levels, or special test modes, highlight the 

requirement to automate range reconfiguration. This paper 

discusses some features of a range automation system used to 

support high throughput production testing in antenna 

measurement facilities. 
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distributed, reconfiguration. 

I. INTRODUCTION 

Maximizing the performance of antenna measurement 
systems requires a thorough understanding and optimization of 
the various building blocks and sub-systems that make up the 
measurement solution. The RF sub-system, of interest here, 
should balance performance (dynamic range, speed, power 
handling, etc.) with other factors (cost, complexity, calibration 
requirements, etc.). As these measurement systems increase in 
size and frequency, the RF sub-system becomes more 
expensive and often requires a distributed architecture to 
compensate for higher losses, as described in Section II. While 
distributed RF sub-systems offer excellent performance, 
significant operator intervention is required to reconfigure the 
system to change the direction of propagation or frequency 
bands. 

With rates of high throughput antenna production on the 
rise, methods to reconfigure RF sub-systems automatically and 
efficiently are in high demand. Solutions to meet this challenge 
must offer flexibility, high performance, and modularity. In 
Section III, we explore options for automatically reconfiguring 
RF systems. Concluding remarks are presented in Section IV. 

II. DISTRIBUTED RF SUB-SYSTEMS FOR ANTENNA 

MEASUREMENT SYSTEMS 

The available dynamic range for antenna measurements is 
one of the most critical parameters that must be optimized to 
maximize system performance. The dynamic range, in its 
simplest form, is the difference between the power received by 
the RF system and the sensitivity/noise floor of that RF system. 
Normally, the term dynamic range, in the context of an antenna 

measurements, refers to the value at the peak of the radiation 
pattern. 

A poor dynamic range will limit the system’s ability to 
measure radiation patterns accurately. Figure 1. shows the 
radiation pattern of a WR51 pyramidal standard gain horn’s E-
plane measured at 15 GHz. First, the system was optimized to 
yield ~60 dB of dynamic range, resulting in the trace shown in 
red. Next, the noise floor of the system was increased by 20 dB 
(blue trace) and then increased by an additional 20 dB (green 
trace). It is evident that the radiation pattern produced with 
only 20 dB dynamic range is not able to accurately reproduce 
this antenna’s pattern, especially away from the main beam, 
where pattern levels are near or below the system’s noise floor. 

 

-40

-35

-30

-25

-20

-15

-10

-5

0

-15 -10 -5 0 5 10 15

Near-field amplitude of NSI-RF-SG51_ATL_3x3_demo_SFG_PNF_014.NSI

A
m

p
lit

u
d
e
 (

d
B

)

X (in)

Hcut Hcut Hcut

 

Figure 1.  WR51 standard gain horn E-plane cut with 60 dB 

(red), 40 dB (blue), and 20 dB (green) dynamic range. 

The design of the RF sub-system will depend on several 
factors, including: 

• The frequency range of operation 

• The size of the measurement system 

• The distance between the probe/illuminator and 
the device-under-test (DUT) 

• Performance requirements 

• The budget available for the RF sub-system 

Smaller, low frequency systems can usually be realized 
using a vector network analyser (VNA), performing S12/S21 
measurements, with a series of cables and components to/from 
the measurement system. In this configuration, a reference is 
sampled within the VNA to allow for complex (amplitude and 



phase) measurements, which are required for most antenna 
measurement applications. As the system size or frequency 
increases, the cable, component, and free-space losses quickly 
degrade the dynamic range below acceptable values. For 
example, a 3m low-loss, phase stable cable used in antenna 
measurements will contribute more than 7 dB of losses to the 
RF link budget at 40 GHz, resulting in an equal degradation of 
the dynamic range. A low-noise amplifier (LNA) can be used 
to offset some of these losses, but its noise figure will also 
reduce the RF system sensitivity. The LNA will buy some 
additional dynamic range but has limited use for very high 
frequencies and large systems. 

When the dynamic range is no longer sufficient to meet the 
measurement requirements, a distributed RF sub-system is 
recommended. This solution uses remote mixers, located as 
close as possible to the transmitting/receiving antennas. This 
approach effectively moves the front-end of the receiver very 
close to the receiving antenna, thereby minimizing cable 
lengths. This makes system performance significantly less 
sensitive to cable losses [1].  

Figure 2.  shows sensitivity/noise floor as a function of 

receiver Intermediate Frequency Bandwidth (IFBW) for 

two cases. Typical performance for a standalone VNA is 

shown in blue, with performance for a distributed RF 

setup shown in red.  IFBW and system measurement 

speed are inversely proportional. As the IFBW is 

decreased, the time required to integrate the measured 

results increases, resulting in longer test times. For this 

example, where -40 dBm is available and 60 dB 

dynamic range is desired, a sensitivity/noise floor of -

100 dBm is required. To achieve this sensitivity, the 

receiver integration time will be 100 ms for a typical 

standalone VNA, and only 0.01 ms for the distributed 

configuration. When one considers that antenna 

measurement data might be required at multiple 

frequencies, ports, and spatial positions, this difference 

will drive drastic test time differences between the two 

setups. 

 

Figure 3.  Sensitivity vs. IFBW for standalone VNA (blue) 

and distributed RF sub-system (red). 

Another way to maximize dynamic range is using 
frequency multipliers located close to the transmitting antenna. 
This allows the RF source to transmit a frequency lower than 

the desired test frequency. For example, Q-band frequencies 
(33 to 50 GHz), can be transmitted over long cable runs at 8.25 
to 12.5 GHz, and then multiplied by four near the radiating 
antenna. This allows one to use lower cost, lower loss cables 
through most of the system. This approach greatly improves 
the available dynamic range. 

Multi-purpose ranges often require coverage over very 
broad frequency ranges. For these types of facilities, range 
operators need a means to change the multiplication factor for 
different bands. Figure 3. shows a schematic for a manual 
range reconfiguration unit used in antenna ranges. It includes a 
power amplifier (PA) to boost the signal input to compensate 
for long system cable runs. After the PA, the signal flows to 
one of three paths: 

• 1x: 1-20 GHz operation (1-20 GHz input range) 

• 2x: 20-40 GHz operation (10-20 GHz input range) 

• 4x: 33-50 GHz operation (8.25-12.5 GHz input range) 

Finally, the signal flows into a directional coupler. The thru 
port is sent to the radiating antenna, while the coupled port 
sends a sample to the receiver/mixer to act as reference. A 
second coupler can be added to support bi-directional 
operation, but the added losses will reduce the available 
dynamic range, like the assemblies shown in [2]. 

 

 

Figure 4.  NSI-MI multiplier-amplifier-coupler schematic, 

1-50 GHz. 

A packaged assembly integrating the schematic outlined in 
Fig 3. is shown in Figure 4. This box is shielded to minimize 
RF leakage and includes a heat sink to dissipate thermal energy 
generated by the active components. Since this assembly does 
not include any RF switches, the process to change bands 
requires that an operator manually reconfigures jumpers 
external to the enclosure. This process can be accomplished 
quickly on smaller systems, but this can prove inconvenient for 
very large systems, where these devices might be located at 
difficult to access locations. 

 



 

Figure 5.  NSI-MI multiplier-amplifier-coupler (MAC) 

assembly. 

Changing range propagation direction is also required in 
many antenna test ranges. Active antenna systems must be 
tested in either transmit or receive mode. Many of these 
systems include RF paths for both directions, and each must be 
tested independently. For simpler systems, the process to 
change propagation direction requires that an operator 
manually reconfigure the source’s RF path, along with moving 
the location of assemblies like the one described above. The 
challenges described in this section illustrate the need for 
automatic range reconfiguration solutions in antenna 
measurement systems. 

III. DISTRIBUTED MODULES FOR AUTOMATED 

RANGE RECONFIGURATION 

To meet the challenging demands imposed by high 
throughput production testing of antenna systems, a solution to 
automate the complex system reconfigurations described above 
is required. This type of automation offers several benefits to 
range operators, including: 

• Minimizes operator intervention; 

• Eliminates time consuming manual range setup 
tasks; 

• Reduces errors by using fixed cables, components, 
and pre-defined software settings; 

• Improves measurement repeatability; 

• Increases system reliability and life of RF 
cables/components. 

With these benefits in mind, NSI-MI developed the Range 
Automation System (RAS), a line of modular assemblies that 
can be installed within one or more chassis. Figure 5. shows 
three RAS modules housed within a 6U (~27 cm) tall 
enclosure. This model is designed to be installed in a standard 
RF equipment rack, with smaller enclosure sizes available for 
remote installations.  

 

Figure 6.  NSI-MI RAS in 6U rack mount chassis with 

three RF modules. 

Three examples of RAS modules will be described in this 
section, along with a discussion about the types of RF switches 
used for different measurement applications. Finally, a real-
world example of an RAS-based RF sub-system is presented. 

A. Range automation system control module 

An important consideration for the design and 
implementation of a range automation solution is the control 
subsystem. The system must be capable of managing all RF 
switches and variable attenuators to facilitate RF 
reconfiguration. The RAS shown in Figure 5. uses a 
microcontroller to coordinate all system changes. A single 
control unit can manage up to 24 modules, with a maximum 
distance of 30m. When modules are distributed throughout a 
very large measurement facility, multiple microcontrollers are 
required. These control assemblies work together to coordinate 
the necessary reconfiguration tasks. 

An example user interface for reconfiguring the various 
RAS modules is shown in Figure 6. Radio buttons are used to 
optimize the signal flow through the RAS modules, depending 
on acquisition needs. Options to simplify the reconfiguration 
by bundling multiple choices into a single selection are also 
available. For example, a single field could be used to change 
between transmit and receive mode, while also changing the 
RF bands of operation. When a higher degree of automation is 
required, the software can be controlled remotely from other 
applications through a published Application Programming 
Interface (API). This allows the user interface to be bypassed 
for control of an RAS system, which is required for batched 
acquisitions of multiple data sets with inter-test 
reconfiguration. 

https://www.nsi-mi.com/products/rf-instrumentation/rf-accessories/multiplier-amplifier-couplers
https://www.nsi-mi.com/products/rf-instrumentation/rf-accessories/multiplier-amplifier-couplers
https://www.nsi-mi.com/products/rf-instrumentation/range-automation-system


 

Figure 7.  Range automation system software control tab 

display. 

The RAS control subsystem has been designed for 
flexibility, allowing it to automate and coordinate other tasks. 
This includes, but is not limited to: 

• Automatic probe changer like the one described in 
[3]; 

• Multi-purpose antenna pattern and over-the-air 
(OTA) test systems for automotive and user 
equipment testing; 

• Complex phased array beam state control for 
pattern or benchtop characterization; 

• System-level payload testing where additional RF 
equipment is required [4]. 

B. Multiplier-amplifier-coupler module 

A module used to automate the band switching 
functionality of the MAC assembly shown in Figure 4. is 
described here. To automate the band switching process, two 
RF switches are added to the standard assembly and 
repackaged into an RAS enclosure. This system supports the 
same bands previously described, (1-20 GHz, 20-40 GHz, 33-
50 GHz), offers two simultaneous reference outputs, and a 
switched RF output. These additional outputs increase the 
flexibility and inter-operability of the MAC assembly with 
other RAS modules. A schematic of the RAS 50 GHz MAC 
assembly is shown in Figure 7. All components shown in red 
are rated to 50 GHz. 

 

 

Figure 8.  ELE-RAS 1-50 GHz multiplier-amplifier-

coupler module schematic. 

C. Programmable step attenuator module 

Active antennas typically require tight control of the input 
RF power level. Power levels can be manually adjusted for low 
throughput testing over a relatively narrow bandwidth, but high 
throughput or broadband measurement applications require 
automation. The RAS programmable step attenuator (PSA) 
module, whose schematic is shown in Figure 8., is used for this 
task. This module consists of two PSAs and a power amplifier, 
offering between 0 to 71 dB of attenuation, with 0.1 dB 
resolution, from 1-50 GHz. 

 

 

Figure 9.  ELE-RAS 50 GHz programmable step attenuator 

module schematic. 

The PSA module is also used for power level optimization 
on the receive path. When received power levels are low, the 
built-in amplifier can provide a much-needed boost to the 
available system dynamic range. When power levels are high, 
the PSAs are used to prevent saturation or even damage to the 
receiver or mixer module. 

D. Pre-test vs. on-the-fly reconfiguration 

Thus far, the details of the RF switches have not been 
discussed. The types of switches required will generally depend 
on the desired application. When RF reconfiguration is 
required between consecutive measurements, 
electromechanical switches may be used. This type of switch 
typically takes several milliseconds to change states. While 
these units are around 1,000 times slower than the PIN diode 
alternative, both the insertion loss and cost are significantly 
lower. Modules supporting this mode are referred to as “pre-
test” assemblies. 

Some applications require that the system be tested in 
multiple configurations during a single acquisition. This 
typically drives the design to use high-speed PIN diode 
switches. Care must be taken to optimize the dynamic range of 
on-the-fly modules, since the losses of PIN diode switches are 
much higher than the pre-test alternatives. Fortunately, PIN 
diode switches with <1 µs are commonplace, and <0.1 µs 
versions are available. This allows on-the-fly modules to be 
used for complex measurement scenarios. This is particularly 
useful for systems that must be characterized in interleaved 
transmit/receive mode, like the one described in [5]. 

E. Example Test System 

A spherical near-field antenna measurement system using 
four 1-20 GHz RAS assemblies and one RAS control module is 
presented as an example. A simplified block diagram for this 
RF sub-system is shown in Figure 9. This RAS configuration 
uses two identical RAS mixer modules and two 
Transmit/Receive (TxRx) assemblies. A pair of modules for the 
device under test (DUT) is installed within an RF cabinet in the 



control area, and a second pair of modules is remotely installed, 
on the scanner’s support structure. 

 

 

Figure 1.  Simplified block diagram of 20 GHz RAS RF 

sub-system showing DUT Rx mode of operation. 

The mixer modules manage the test and reference channels 
for the measurement system. This includes the IF path to the 
measurement receiver and the LO signal to the range mixer 
modules. An amplifier (with bypass mode) and PSA are used to 
maximize dynamic range of the test/reference signals across the 
operating bandwidth. 

A TxRx module is included in both locations. One will 
operate in transmit mode, while the other will be responsible 
for routing the received signal back to the measurement 
receiver. In receive mode, two cascaded 2-port switches route 
the signal out of the assembly, into the mixer module test input 
port. In transmit mode, the signal generated from the system’s 
RF signal generator is amplified and sent to the radiating 
antenna (probe or DUT). A reference signal is sampled via 
directional coupler and is routed to the mixer module’s 
reference input port. To switch the direction of propagation, a 
2-port switch embedded in the RAS control module is used. 
Figure 9. shows signal flow when the DUT is operating in 
receive mode. The RF transmit path in this mode is shown in 
red, reference signal is shown in blue, and the received test 
signal is highlighted in green. 

IV. CONCLUSION 

Antenna measurement systems often require distributed RF 
solutions to maximize performance. Automating the complex 
task of reconfiguring the system is highly desirable and we 
show an example here of a modular solution to change the 
frequency band, direction of propagation, and test modes for 
these types of systems. 
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