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Overview

• Prior work
• Simulation scenario
• SNF back projected data
• Impact of radial distance variation
• Impact of SNF angular span
• Comparison with PNF data
• Conclusions
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Prior work

• Original high-resolution back projection formulation: M. G. Guler, 
E. B. Joy, "High resolution spherical microwave holography", IEEE Trans. APS, 
Vol. 43, May 1995, pp. 464 -472. Promised better performance than the 
plane wave equivalent.

• Generalized to allow for back projection onto arbitrary planes: A. 
C. Newell, B. Schlüper & R. J. Davis, “Holographic Projection To An Arbitrary 
Plane From Spherical Near-Field Measurements”, AMTA Proceedings 2001, 
Denver, CO, Oct 2001. This formulation is implemented in the NSI 
software.

• Application of technique to microstrip array feed structure diagnostics:
D. J. Janse van Rensburg & C. Walker, “Implementation of back 
projection on a spherical near-field range”, AMTA Proceedings 2002. 
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Planar Near-field Scan
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Coupling Equation
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Represent the measured planar near-field data on the plane z = d as 
B(x,y,d) where x,y defines the position of the probe on the 
measurement plane.  From the near-field data we first compute the 
plane wave spectrum of the measured data using a Fourier transform.
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Back Projection

( )( , , ) ( , ) x yh i xk yki d
I h A x y x yB x y d t k k e e dk dk  

Back projection is calculated on a plane removed from the 
measurement plane by dh.
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Nearfield and Hologram Back-projection

Measured phase of THAAD 
array at .3m distance with 
25,344 active elements with 6 
bit phase shifter, 6 bit attenuator 
in special ‘calibration’ mode NF

HOLO
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Far-field Expressions
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Far-field Expressions – Arbitrary Plane
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Spherical Near-field Scan
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Simulated array radiators.
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Array element size and spacing
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Orthogonal near-field pattern cuts
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Principal plane pattern cuts
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Single element with reversed phase
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PNF phase distribution for back projection
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SNF Radial Distance Sensitivity I
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• SNF back projection resolution is independent of distance between 
AUT and probe

• Holds a significant advantage over PNF method

• Will in practice be limited by instrumentation dynamic range
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SNF Radial Distance Sensitivity II

• NF data shown below for three separate data sets
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SNF Angular Span Sensitivity

 < Hemi-spherical data set limits back projection resolution
 Data shows effect of phase reversal of single element 

excitation
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SNF Angular Span Sensitivity – cont’d.

 Amplitude
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SNF Angular Span Sensitivity – cont’d.

 Phase
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PNF Probe to AUT separation distance

Amplitude of the back 
projected data for 

different probe to AUT 
separation distances.

Dip should be at 
60mm.
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PNF Probe to AUT separation distance II

Phase of the back 
projected data for 

different probe to AUT 
separation distances.

Dip should be at 
20mm.

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05

Hologram phase of Array04_003.dat

P
ha

se
 (d

eg
)

Y (meters)

0 Lmbd 1 Lmbd 2 Lmbd 3 Lmbd 5 Lmbd



July 2007 24

SNF Amplitude sensitivity I

Amplitude change 
in the back 

projected field for 
excitation 

amplitude change 
of a single array 

element.
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PNF Amplitude sensitivity I

Amplitude change 
in the back 

projected field for 
excitation 

amplitude change 
of a single array 

element.
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SNF Amplitude sensitivity II

Amplitude change 
in the back 

projected field for 
excitation 

amplitude change 
of a single array 

element.
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PNF Amplitude sensitivity II

Amplitude change 
in the back 

projected field for 
excitation 

amplitude change 
of a single array 

element.

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05

Hologram amplitude of Array09_063.dat

A
m

pl
itu

de
 (d

B
)

Y (meters)

Ref 0.5dB 1dB 3dB 10dB



July 2007 28

SNF Phase sensitivity

Phase change in the 
back projected field 
for excitation phase 
change of a single 

array element.
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Conclusions I

• SNF back projection resolution does NOT degrade
when probe to AUT distance is increased.

• Back projection resolution DOES degrade when angular
span is reduced to < hemi-sphere of data.

• Small changes in the array excitation vector can be
detected.
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Conclusions II

• SNF holds advantage over PNF due to larger
probe/AUT separation distance.

• Spherical wave expansion theory can be applied to
traditional roll/azimuth far-field ranges.
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Limitations

• The data presented here relies on the use of an
infinitesimal point “probe” and the effect of the probe, as
would be present in an actual measurement environment,
is absent.

• Instrumentation dynamic range limitation will affect
results.


