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Antenna Measurements -
Introduction
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In the real world, he structural complexity of antennas makes them almost 
impossible to compute analytically.

It is more practical to simulate and measure using analytical/computational 
techniques and obtain experimental results to validate theoretical and 
simulation data.

Antennas are usually measured in the receiving mode. For a reciprocal 
antenna, the receiving mode characteristics are identical to the transmitted 
by the antenna.

The ideal condition for measuring antennas is the illumination of antennas 
by plane waves, achieving uniform amplitude and phase (far-field)
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Antenna Measurements -
Introduction
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Challenges:
1.- Distance to far-field region is too big
2.- Antenna too big
3.- Antennas like phased arrays, require a lot of time to measure
4.- No control of weather and/or environment (outside)
5.- Cannot accommodate large antennas (inside)
6.- Really expensive
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Antenna Measurement -
Equipment
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Antenna Range
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Testing and evaluation of antennas are performed in antenna ranges
Usually categorized as outdoor and indoor
Two types of antenna ranges: reflection and free-space ranges

Antenna Measurements http://www.edwards.af.mil/Portals/50/documents/772/AFD-141126-087.pdf?ver=2016-06-23-110428-543
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Reflection Ranges
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Create constructive interference in the region of the test 
Uses reflections from the ground that combine constructively with 
direct rays.
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Free-Space Ranges - Elevated
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Outdoor Range where large antennas are mounted on towers or roofs 
of adjacent buildings.
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Free-Space Ranges - Slant
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More compact than elevated ranges – require less land



Indoor Ranges – Anechoic Chamber
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Indoor Ranges – Anechoic Chamber



Indoor Ranges - Compact
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Indoor Ranges - Compact
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Indoor Ranges - Compact
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Indoor 
Ranges -
Compact
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Radiation Pattern 
Measurements



Antenna Measurements Slide 19

Radiation Patterns



Radiation Patterns
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Radiation Patterns
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Radiation Patterns - Instrumentation
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Radiation Patterns
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Gain Measurements
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Two Types: Realized-Gain and Gain-Transfer (Comparison)
Realized-Gain: Based on Friis Transmission Formula.
Usually are two- or three-antenna systems



Gain-Transfer (Gain-Comparison)
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Most common method. Uses a known gain to determine realized gains. 
Relative gain is compared to known gain to obtain values. 
Requires two measurements. 

1. Using test antenna as receiver, the received power into a matched 
load is recorded.

2. The test antenna is replaced by the standard gain antenna and the 
received power into a matched load is recorded.

The arrangements are preserved and the input power is the same.
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Directivity Measurements
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Computed using measurements of the radiation pattern

1. Measure the two principal planes of the antenna (E- and H- planes)
2. Determine the half-power beamwidths of the principal planes
3. Compute directivity using computational and analytical techniques

Ω≅ Θ1Θ2

𝐷0=
41,253

Ω
=

41,253

Θ1Θ2
or

𝐷0=
22.181

Θ1
2+Θ2
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Radiation Efficiency
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It is the ratio of the total power radiated by the antenna to the total 
power accepted at the input terminals.

With maximum radiation as reference, radiation efficiency is also 
measured as

radiationefficiency=
gain

directivity
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Impedance Measurements
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Two types of impedances for an antenna: self and mutual impedance,

If antenna is radiating by itself in an unbounded medium the self 
impedance is also the driving point impedance.

If there is coupling between the antenna and other sources or 
obstacles, the driving-point impedance is a function of its self-
impedance and the mutual impedances of the other sources.

The antenna impedance is determined by

𝑍𝑎𝑛𝑡=𝑍𝑐

1+Γ

1−Γ
= 𝑍𝑐

1+ Γe𝑗𝛾

1− Γ𝑒𝑗𝛾
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Polarization Measurements
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The polarization of a wave is the curve traced by the locus of the 
instantaneous electric field at a given frequency in the plane 
perpendicular to the wave travel.
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Polarization Measurements

Antenna Measurements Slide 35

The polarization of a wave can be represented in the Poincaré Sphere.



Polarization Measurements
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The Polarization-Pattern Method is used.
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Scale Model Measurements
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In applications with large structures (ships, large aircraft, spacecraft), 
the antenna is so big that it cannot be moved or accommodated.         
In-site measurements are usually made.
Another technique used is scale modeling.
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Scale Model Measurements
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