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\/ Motivation:

«Qr Truncation Error in Near-Field Scanning

Bistatic RCS of an offset 10” PEC sphere at 10 GHz =60

¢ 60° < ¢ <300°, Ap =1.5° (161¢psamples)
e-1.26m<z <1.26m, Az =0.015m = A/2 (168 zsamples)
e scan radius = 0.82m=27.3L
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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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e 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?

e Slepian TVSH

* Numerical properties of Slepian TVSH
e Description of scan data from Prof. S. Pivnenko of TUD

* NF-to-FF transformation using Slepian TVSH
e Truncation-error reduction for various truncation geometries

e Summary
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\/Classmal Spherical NF-to-FF Transformation:

«Qr Expansion of scan data in terms of TVSH

Expansion of the transverse radiated/scattered field"
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Yim(0,0) = spherlcal harmonics of degree [ and order m
L = int(kr,) + no

device under test
*J.D. Jackson, " Classical Electrodynamics,” 3rd ed. 1999,

*M.H. Francis and R.C. Wittmann, " Near-Field Scanning Measurement: Theory
and Practice,” in Modern Antenna Handbook, C.A. Balanis, Editor, 2008.
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\/ Classical Spherical NF-to-FF Transformation:

q:' Why do truncation errors occur in classical NF-to-FF transformation?

e \When the scan samples, Et(a 0,0), are collected over the entire spherical surface of
radius a, 2 ={0<60 <7, 0 < ¢ <27}, b can be determined using the orthogonality

relation, [, Xio(0,6) - Xi0 (0,6) A2 = 630,46

ln

b = /Ef(a 0.6) X0 (0,6)dQ, i=1,2
()(ka)

e However, when E;(a,0,¢) are collected over a truncated spherical surface,
Qi ={01 <0<b,¢1 <<}, bl(% are estimated using the truncated NF samples

=(i) __ 1

5 Eia,0,6) - X\ (0,0) d2, i=1,2
f[’ (ka) Q

lom

e Since bl(gl;/:bl o Et(oo,t?,(]b) computed from the El@l do not agree with the true E;(c0,0,¢)

over the entire €2;; they diverge around the boundary of €2;.

e Thus, it is always necessary to collect NF samples, E(a,f?,qﬁ), over a range of angles
wider than the range of angles over which E;(co,0,¢) need to be computed, resulting in
increased data collection time and higher measurement cost

e It can be shown that the extent of the truncation error critically depends on the scan
radius, a (Hansen, et al: 2005, Kim:2010, Kim:2011)
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\,.'/ Slepian Transverse Vector Spherical Harmonics N \&&
< N

e Note that [, X/ (6,4) - X (0,6) 2 # 65610 e, 105 =1,2.

) We want to construct the Slepian transverse vector spherical harmonics (TVSH),

Z,m(Q ¢) and Z (9 ¢), from the classical TVSH, X,(lnz(e,qb) and X,m(ﬂ ¢), for a given

truncated sphencal surface, 2, such that

/ Zl m(g Cb) Zl(’J?n’ (95 qb) d$2 = )\i.l,m 51}]’ 6l,l’ 6m,m’, ’i,j — 1, 2.
€2

e Truncation errors can be avoided, if E:(a,8,¢) can be expanded in terms of Zl m(e ®).

e \We showed in (*) the following:

1. how to construct Zl m(e ¢) and Z, m(B ¢) from X, m(@ ¢) and X, m(é) ®)

2. their mathematical /numerical properties

3. how to perform NF-to-FF transformation with Z, m (9 ¢) and Z, m(@ @)
4. validation of the Slepian NF-to-FF transformation using synthetic NF data

(*) 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.

=%

UNCLASSIFIED, DISTRIBUTION UNLIMITED



DUT: SA 12-1.7 Standard Gain Horn
A=0.136 m

AB =4°, Ap =9° (46 x 41 samples)
minimum sphere radius = 1.5 A

FF distance = 2.5 m

probe

scan geometry
* Scan data provided by Prof. S Pivhenko of TUD =
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\/ TUD Scan Data (2)

[ 4
<

“FF-to-NF” transformed data (scan radius = 0.6 m):

Ee

probe
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NF-to-FF Transformation using Slepian TVSH (1) ¢

N7 4\ gx
Qr

FF reconstruction from hemispherical scan data:

normalized 6-pol FF pattern at $=180°
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oS NF-to-FF Transformation using Slepian TVSH (2)
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FF reconstruction from scan data truncated in 6 and :

normalized 6-pol FF pattern at ¢=180°
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NF-to-FF Transformation using Slepian TVSH (3) &
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FF reconstruction from scan data truncated in 6 and :

30° <6 <90°, 60" <¢<300°

normalized &-pol FF pattemn at 0=1580"
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\
\,:'/ Summary

e 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

e Extents of truncation errors depend on scan radius
e The classical TVSH are not orthogonal over a truncated spherical
surface, Q,

e The Slepian TVSH can be constructed for a given Q, as a linear
transformation of the classical TVSH.

e The Slepian TVSH are orthogonal over Q, with the orthogonality
constants equal to their concentrations over Q,

* NF-FF transformation using Slepian TVSH significantly reduces

truncation errors

UNCLASSIFIED, DISTRIBUTION UNLIMITED

12



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12

