
1 UNCLASSIFIED, DISTRIBUTION UNLIMITED 

Integrity  Service  Excellence 

Validation of  
the Slepian Approach to  

Truncation-Error Reduction in  
Spherical Near-Field Scanning+ 

Kristopher T. Kim 
Sensors Directorate 

Air Force Research Laboratory 
Wright-Patterson AFB, OH 

+ Supported in part by the Air Force Office of Scientific Research 



2 UNCLASSIFIED, DISTRIBUTION UNLIMITED 

truncation error 

Motivation: 
Truncation Error in Near-Field Scanning 
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Bistatic RCS of an offset 10” PEC sphere at 10 GHz 

R. Marr, et al., “Bistatic RCS Calculations from Cylindrical Near-Field Measurements—Part II: Experiment,”  IEEE Trans. Antennas Propag., vol. 54, no 12, pp. 3857-3864, 2006 
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Outline 

•  Classical Spherical NF-to-FF Transformation 
• Expansion of NF scan data in terms of classical transverse vector 

spherical harmonics (TVSH) 
• Why do truncation errors occur in classical NF-to-FF transformation? 

• Slepian TVSH 
• Numerical properties of Slepian TVSH 

• Description of scan data from Prof. S. Pivnenko of TUD 
• NF-to-FF transformation using Slepian TVSH 

• Truncation-error reduction for various truncation geometries 
• Summary 
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Classical Spherical NF-to-FF Transformation: 
Expansion of scan data in terms of TVSH 

Expansion of the transverse radiated/scattered field* 

device under test 

minimum sphere of radius ro 
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Classical Spherical NF-to-FF Transformation: 
Why do truncation errors occur in classical NF-to-FF transformation? 
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Slepian Transverse Vector Spherical Harmonics 

(*) K.T. Kim, ''Slepian Transverse Vector Spherical Harmonics and Their Application to Near-Field Scanning'', 
Proceedings of the IEEE Antennas and Propagation Society International Conference, Spokane, WA, 2010. 
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TUD Scan Data* (1) 

Scan data at 2.2 GHz (scan radius = 6 m): 

scan geometry 

DUT: SA 12-1.7 Standard Gain Horn 
λ=0.136 m 
Δθ = 4o ,  Δφ = 9o  (46 x 41 samples) 
minimum sphere radius ≈ 1.5 λ 
FF distance ≈ 2.5 m  
 

* Scan data provided by Prof. S Pivnenko of TUD 
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 “FF-to-NF” transformed data (scan radius = 0.6 m): 

scan geometry 

TUD Scan Data (2) 
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FF reconstruction from hemispherical scan data: 

 3600 ,900 ≤≤≤≤ φθ

scan geometry 

reconstructed far fields  

NF-to-FF Transformation using Slepian TVSH (1) 
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FF reconstruction from scan data truncated in θ and φ: 

 30060 ,900 ≤≤≤≤ φθ

scan geometry 

reconstructed far fields  

NF-to-FF Transformation using Slepian TVSH (2) 
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FF reconstruction from scan data truncated in θ and φ: 

 30060 ,9030 ≤≤≤≤ φθ

scan geometry 

reconstructed far fields  

NF-to-FF Transformation using Slepian TVSH (3) 
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Summary 

• Traditional NF-FF transformation based on the classical transverse 
vector spherical harmonics (TVSH) leads to truncation errors, resulting 
in increased NF collection time and higher measurement cost  

• Extents of truncation errors depend on scan radius 
• The classical TVSH are not orthogonal over a truncated spherical 

surface, Ωt  
• The Slepian TVSH can be constructed for a given Ωt  as a linear 

transformation of the classical TVSH.   
• The Slepian TVSH are orthogonal over Ωt with the orthogonality 

constants equal to their concentrations over Ωt 
• NF-FF transformation using Slepian TVSH  significantly reduces 

truncation errors 
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