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Outline of Talk

• Overview of antenna measurements

• Overview of Spherical Near-Field (SNF) 
measurements

• Description of different SNF scanners for small 
antennas, telematics antennas and satellite 
antennas

• Large SNF system for testing phased arrays

• Enabling technologies
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Antenna Field Regions
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Typical Antenna Range Geometries

Rectangular Anechoic Chamber Compact Antenna Test Range

Outdoor Elevated Range
Ground Reflection Range

Planar Near-Field Cylindrical Near-Field Spherical Near-Field
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Advantages of Near-Field Measurements

• Smaller facility required
• High accuracy measurements
• Pattern measurements

– SNF - over full sphere 

– Planar NF – missing back hemisphere
– Cylindrical NF – missing top & bottom cones

• SNF to test space deployable antennas
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SNF Overview

• Electromagnetic (EM) theory says:
– If you know the fields on any surface that 

completely surrounds an antenna
– Then you can calculate the antenna fields 

anywhere from that surface to infinity (e.g. the far-
field pattern)

• When the sphere is a surface
– The EM fields can be represented using a spherical 

wave functions which are spherical Bessel 
functions, associated Legendre function, sine and 
cosine functions
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Field Representation in SNF

– The electric field E outside the sphere is 
represented by the known set of all spherical 
modes, fnms with unknown amplitudes, Anms, 
(magnitude and phase)

– The unknown amplitudes are determined by 
measuring E on the surface of the sphere (the 
measurement sphere) and inverting the above 
equation

� � �=
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SNF Scanning

Probe

AUT

• Measure Vprobe at every �� and ��

• Use 2 probe orientations
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Input To SNF Software

• Frequency = f and hence l = c/f
• Diameter of Minimum Sphere = Dmin

– Minimum Sphere is the smallest sphere that 
completely encloses all sources of radiation and 
which is centered on the crossing point of the two 
positioner axes

• Sampling Interval �� = �� � l /Dmin radians
• The software moves the probe, collects the 

voltage measured by the probe, processes this 
data and computes the pattern of the AUT
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Generic Spherical Near-Field 
Measurement System

AUT Probe

LO

Transmitter

Receiver

Position
Controller

Control Computer

PAU
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Small SNF Scanners
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Telematics SNF System
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180 Degree Arch Solid Model

Azimuth 
Stand

Azimuth 
Positioner

Arch Track Plate

Probe Carriage with 
Probe Positioner

Arch 
Tower

Arch Base 
Extension

Arch Structural 
Cord Segment
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Testing Space Craft Antennas

Three Axis Probe
Positioner

3. Polarization

Stand

1. Z-Axis - Radial

 2. X-Axis    -Tangential

Probe

Carriage

Antenna
Under Test

• Circular Arc Scanner
• No tilting AUT during tests
• Scan Angle = 180º
• Probe positioner error 

map is generated using 
our Laser Tracker

• Incorporates physical 
probe position error 
correction in Radial and 
Planar directions 
(provides higher accuracy 
pattern measurements)
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135
 Arch With AUT

Antenna
& 

Rotator

Arch
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90 Degree Arch Solid Model
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Phased Array Radar Testing
System Requirements
• High Fidelity Required

– 40-dB Side Lobes
– 50-dB Back Lobes
– Element Balance
– Boresight Accuracy

• Frequency Down to 350 MHz
• Large And Heavy Test Articles

– Liquid Cooling
– Fiber-Optic Communication Links
– High-Power 3-f AC 
– Restricted DUT Rotation
– Interaction with Vehicle / Platform Important (alignment)

• Interface to Multiple Digital Receivers (no single RF port)
• High-Power RF
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Positioning System

• Arch
– 10 Meter Radius
– >115° Travel
– Radial and Axial

Translation Stages
on Carriage under
Probe-Roll Axis

• Azimuth
– MI-51850
– Dual-Motor Torque-Bias Drive
– Dual Encoders
– 180,000 kg Capacity (Static)
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Chamber
• 22.3 x 18.3 x 19.8H m
• Fully Shielded
• EuroShield Door

– 6m X 6m
– Level Threshold

• Fork Lift Can Drive Over
• Air Pallets Can Glide Over

• 1.0m Curvilinear Absorber 
Throughout

• Custom Absorber Treatments
– Stage Lip
– FM-200 Nozzles
– Arch Supports
– Vestibule at Personnel Door
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Radar Transmit Interface 1

Special Test
Equipment

(STE)
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Set Next
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Pulsed
RF

Measurement 
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MI-3000 Work Station
MI-3121 Tx
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MI-710 Position 

Controller
MI-788 NAC
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Radar Transmit Interface 2

Radar performs 
Tx & Rx

Set frequency & beam 
direction/shape
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Radar Receive Interface 1

Measurement 
system performs 
Tx & Rx
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Radar Receive Interface 2

Radar performs 
Tx & Rx
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Instrumentation
• MI-350

– MI-750 Receiver
– MI-788 Networked 

Acquisition Controller
– MI-710 Position Controller
– MI-3121 Signal Sources
– MI-3000 Software

• Power Meter
– Anritsu ML2495A With 

MA2442D Sensor
• Tabor WS-8101 Waveform 

Generator
• Agilent 81104A 2-Channel 

Pulse Generator
• FARO Laser Tracker X
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Ancillary Equipment
• FM-200 Fire Suppression
• VESDA Smoke Detection
• Slip Ring in Azimuth

– Glycol Cooling for Test Article
– Optical Fiber for DUT 

Communication to Special Test 
Equipment

– High-Current 3-Phase Power
• 3 Digital Color CCTV Cameras
• High-Capacity HVAC
• RF Interconnect Panel
• MI-26-0.35 LPA Probe
• Complete Range Cabling
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Positioner Calibration
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• FARO Laser Tracks And Measures 3D 
Coordinates Of An SMR

• Use FARO Laser To Find Az And Arch Axes 
Of Rotation

• Define Range Coordinate System
– Z º Az Axis
– Y’ º Arch Axis
– X º Y’ ´ Z
– Y º Z ´ X

• Convert Arch Readings To Range Coordinates
• Build Functions Of Arch(q), Radial(q), And 

Lateral(q)
• Measure And Store Range Coordinates Of 6 

Monuments For Later Use
• Verify Profile By Stepping Theta Virtual Axis 

From 0-115°
• Process Automation Has Been Maximized
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Mechanical Accuracy
Uncorrected Corrected

Mean 
Theta

0.07° 0.00°

Mean 
Radial

0.001” 0.001”

Theta  s 0.00° 0.00°

Radial s 0.008” 0.0025”
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Fidelity Demonstration
• Mount Standard Gain Horn In Four 

Orientations On Azimuth Turntable
– A, B, C, And D
– Measure SNF Raster For Each

• Transform Each To Far Field
– Translate And Rotate As Needed To 

Maximize Agreement
– Apply The IsoFilter Ô

• Define ‘True Pattern’ As Complex 
Mean Of The Four Far Fields

• Compare Each To Average
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Photos of Four Orientations
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Overlay of Four SGH Orientations (Conic Cut)

Theta ':45  Freq:0.425  Bin:A (Phi' Component)  (RVTP_A.mdb) 
Theta ':45  Freq:0.425  Bin:A (Phi' Component)  (RVTP_B.MDB) 
Theta ':45  Freq:0.425  Bin:A (Phi' Component)  (RVTP_C.MDB) 
Theta ':45  Freq:0.425  Bin:A (Phi' Component)  (RVTP_D.MDB) 
Theta ':45  Freq:0.425  Bin:A (Phi' Component)  (TrueSGHPattern.MDB) 

  
Demonstrated Fidelity

• Conic Cut 
Through Peak

• Thick Black 
Line Is 
Complex 
Average

• Each 
Orientation 
Superimposed

• Looking For ±2 
dB On 40 dB 
SLL



31 Test with Confidence

Radar System Summary

• The new Lockheed Martin SNF Facility Supports:
– General-Purpose High-Fidelity Antenna Testing
– Testing Of Ground-Based Radars
– Large And Heavy Test Articles
– Frequencies Down To 350 MHz

• Supports Testing Of Phased Arrays And/Or Digital 
Beamformers
– Direct Interface To Element Receivers Through Radar’s Special 

Test Equipment (STE)
– Straightforward ICD (Interface Control Drawing) Developed For 

Interfacing Other Radar Systems To The Facility
– Tightly Synchronized To Acquisition System

• Successfully Met Customer’s Challenging Needs
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Typical Data Acquisition

• Position probe in �
• While rotating AUT in � (azimuth)

– Step through all frequencies
– Step though all beam directions/shapes
– Record each digital receiver output and/or 

transmitter response at each frequency, beam and 
spatial point

• Repeat above for second probe orientation 
(polarization)

• Potentially 100’s of GB of data collected
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MI-750 Receiver
Advanced Technology Digital Receiver

Features
• Very fast measurements
• Wide dynamic range and high sensitivity
• Enhanced Digital Filtering
• Wide Frequency range: 10MHz to 110 GHz
• Internal or External Local Oscillator Source
• Dynamic LO Power Equalization
• Compatible with existing systems
• Flexible Modular Architecture
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MI-750 Receiver Performance

• 4 Million measurements/second
– Fastest in the industry
– Internal buffering eases data transfer

• Useful performance at full speed
– Sensitivity @ 4 MHz:         -84 dBm
– Dynamic range @ 4 MHz:  69 dB

• Excellent sensitivity available
– Sensitivity @ 1Hz: -150 dBm 
– Dynamic range @ 1Hz:  135 dB

• Flexible Speed vs. Sensitivity 
– Choice of 41 Sample Rates
– Steps of 1.5 dB sensitivity

Dynamic 
Range

0.1 dB Compression

Sensitivity

High Performance with Flexibility
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Enhanced Digital Filtering
• Eliminate interfering signals that 

can cause measurement errors
• Choice of 3 types of filters at 

every sample rate
– High selectivity

• Best rejection of spurious signals, 
with a 4 dB loss of sensitivity

– Low Noise
• Good rejection of spurious signals, 

with a 1 dB loss of sensitivity
– Simple averaging

• Maximum sensitivity for use in a 
clean RF environment

MI-750 Receiver Filtering

High Selectivity Filter applied

.   

Signal
Interferer

IF Spectrum with interferer

Interferer is 20dB higher
& only 50KHz away

Signal Interferer
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Ethernet-based Systems

• Many of today’s instruments offer control options, such as:
– Ethernet, USB, GPIB, Serial

• For an antenna range with distributed components, Ethernet makes a lot of 
sense:

– Simpler, less expensive cables
– Drives cables up to 100m

– Good at transferring large blocks of data

• However, Ethernet has some similar problems with real-time signals
– Does not handle short “trigger” messages well
– Not deterministic

• Real-time signaling should be handled separately from Ethernet

• Two features are needed to optimize performance:
– Hardware triggering between instruments

– Data buffering within instruments that make measurements
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Summary
• Spherical near-field is the best system for complete pattern 

measurements
• To maximize acquisition speeds in antenna measurements

– Use hardware interfaces for real-time triggering

– Use data buffering features in instruments during data acquisition

– Only transfer large blocks of data over Ethernet
– Minimize timing overheads

• The MI-350 Advanced Microwave Measurement System minimizes 
overhead and maximizes throughput
– Use strengths of Ethernet for control and data transfer
– Precise timing information provided through hardware interface

– No need for specialized parallel interfaces

– Basic systems can operate without specialized control hardware for data 
acquisition

– Robust and reliable


