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The Enhancement of Antenna Near—Field Measurements Using Near—Field to
Far—Field Transform Algorithms Based on the Lorentz Reciprocity Theorem
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[ “Abstract -

The enhancement of antenna near-field measurements is obtained using a general probe
compensation equation based on the Lorentz reciprocity theorem and reciprocity notation. The
probe compensation is an essential process of the near-field to far-field transformations.
Applying the equation proposed in this paper to a planar scanning for a rectangular hom
antenna shows that our near-field radiation pattern is similar to that of a far-field and our
theory is very simple to use and suitable for most practical applications.

B keyword : | Antenna | Near—Field | Far—Field | Lorentz | Reciprocity Theorem | Measurement |

LAME B8-S 22 MR 4933 frAR BA} 54
< F AW T Shuelnt dtHez 99% &

el FAF 54 aAFos S BN € AN ue 24 715 d o9 (maximum wavelength)
48 24 (far-field measurement)® 29 4 o) of 100 ) =72 AR A9 Bis} oo
(near-field measurement)©] ITH1. . At EE U AxY F5A(eléctromagnetic
e 298 SRR FANAY AAMEH T4 ghsorben)® AAe) 2A0Z 9x5] Q5 Uz

HeHE 0 4051117-002 MAatetay ;20064 128 2
HMadxt 20059 119 179 WAXMZ} : =83|, e-mail : yhcho@mokwon.ac.kr



52 SIZEHXSISI=2X| '06 Vol. 6 No. 2
O O A

st}

THY-LGY {3 )Y AE golud, Az
delv Y-G9 WS AMLE AL 19554
(3](4]. Richmond& T2 H(probe)& o]-&3t A9
Y718 SH8n 294L DFT(Discrete Fourier
Transform)3ted 4E4-& ek F2EH [3][4]o) A
dE TS MHE Ao) Tap HAL o8 2
QF-99% dngFolt). A7A BFHoZ o)
= Z2¥ 273 %A H(probe compensation equation)S
Z7)o}¥) 2 (Georgia Tech.)®) Paris 34~ 1§0] Aok}
AH5-7). Pais IF IFL 2Ux F5Ag A
(Lorentz reciprocity theorem)& AUT(Antenna Under
Test)ot T2 Hof Hgslo] TAlg g T2 Y wBA w4
AS AUtk AT A9 Fraae] ufg 2}
3 e ZARE Ax B2 §A4E 9] o)yt @
A [8loll A F¥FAHspherical scanning)Q! 7A-$-9] =
EH 2348 47) #4519 MoM(Method of Moments)
71¥te] PWS #4(PieceWise Sinusoidal Function) A12F
da2EE Agste 494 NEA AN

€ =RidME 2dx 4528 L0 B =5
A Ak 2 432E B71HS ol gt Nzg
Z2H BA BAAG AAP) o] B HAHAL Y@
FAPd(planar scanning)ol] 28319 [6]9) A8 =
NS dE 4 Utk A2 T2 BA UG ol 4
3 =28 1ol §A9 ZALE FEs] Hoa 4 q)
o AgE dzEES AFE) dele 29 23 A
Z9E Atetn AFg) Al el KHrectangular
hom antenna)ell FHFAIFH Aokl ZHL-99%Y
W dnEES A48l 294 AR BA gy
(radiation pattern) & Y1 ¢]& FGHo)4 A5 Ba}
A7 vlugcy 2Ydxe 99% 24 FEn 29
2 B sj€o) FAMY A& BAET) o8 T3 B 4
oHY WA AP S Fad.

22 4374 901 M2 g2 F 2 (source)
8 HA o] Zhe BAE YehyE Aot =

v (ExHy— ExH)
= (Eb'Lx— b Ma) (D
- (E,~ J,— H,- M,)

714 Job ME A71HF A7IHFE ey,
a% bt N2 OE $A49 228 dedy,

HA)9) ¥HaE-(Rumsey's reactiom[10}2 (1)2]9) E4)
B0 B =FolA Adehs 432 (reciprocity)s] o)
T AZE N <q, b> 5 BR8] ()AL
8 3w

<a,b> = {a,b> — (b, a> )]
714
<a,b> = § (E<H,~ExH,) -da

(a, by = fV(T,,~T,,—71‘,,- M) dv
@

3L <a, b> & o|F= 22 a9 b9 Y5H
TZ(algebraic structure)= ME-F7Hvector space)o]
ot &2 et be AARY 229 AZIARS Ar1AH
FolBR g%t b7} ol T2V} HHEINYL F
g A BERE g, b> 9 AL (34 o8
]

<<klal+kzaz,b>>
= k<ka, > + k<a,, b>

Kb, a> = —<a,b> 6
La,a>» = 0 7

®)



N

T2 (5)-(N AL AL F7HAZZER, symplectic
space)d] F4% FEelth I¥z=z AsAg
La, b>E 22 a, b7} o)F= HEF7] ALz el
(symplectic form) <> & 7k AlRFE o2t

whzke g, b 9] SA[10]1&

<k1a1+k2a2, b> (8)
= k1<d1,b> + kz(dz,b)
<b,a> = La,b> 9

71 Qe 2= A5AE 47 HEHE A
H Vb RE &2 g, b3 THE o P30 vty
{a,b>E 22 o AAF b7} olFE "Il
W2 F7Hinner product space)& °lEth WE a3t
27| e g g (aq, > ' &2 a7t 7ML
A (power) & vlstAl Eok 28A Ca,a> 0.

1]] olu}x_-!ol

O — = [

F
15
T
0%
0x
ox
1z

Qe Z2n B PR FEH] Asked [2
3 13t Be 999 297 33 F2E 47,

probé ™.
AUT Su ‘\."’EVZ' ] :
¥ '\,\“f’_i ZP
z x
V
1] . Sw
a1, ?_PEill;f o8 £H 25
[29 11914 AUT(Antenna Under Test)E £33 ¢t
Huole] 294L =28 (probe)2 EAFT S,

s

2EA-E 2343 98 R (open surface)°]™, S

2z Juag delE AL 9% M REH
Holth, Iy ZEHE IME 999 2% ¥
(closed surface)el® V& X7t H#olt},
Z=Sy+ S AYstn 7} Bt AXE Ve
dR V= V- V,2 BEd

Z2E BAE TYIY] fde] AUTS 2287} 7
=& Sk A multiple reflection)& A%l AUTS
Z2E7} geE 57} A(equivalent source)[9][11]1E
ast pEt 81, AUTS T2 BN vAEE Ay
(scattered field& HAsl= 571 228 ast psdh
a2k [19 119 720 )20 AAE 2d= 437
4 43% H434

Bex

La+tps,ptas>y
= (atps,p+ady
— (ptas,atis>y

(10)

714 ol Ve T Azagoly uiztgo)
ZAAHE 498 vehdth Q4S (10049 $Hol 3
23l AF Vol 22 a8t as7t EAEA FE= A
(J,=T.=002 olg3d

La+t+ps, p+as> s
<ps,p+ aS>V

<p, a+DS>y

<ps, 0>,

{ps,asd y,—<D, @y,

an

+ 0

G HERRS (DA 2o Hgsta el

La, >y
= <ﬁ$, p)w,"(p, a> v
+ (ps,as> y,—<Kas, ps> ¢

(12)

A7) (@)2)o} AAE 229 AR AL §43
A <Lps, p>z=<Ka,as>;=0, {p,ps>y,=0&
3% F gtk



54 s2EuIXsHE|=FX| '06 Vol. 6 No. 2

[lislel AN =28 23 A48 P(7)e =
T SeolA AAge) 43H4E 02 AL o435 Y
Wl Z2s 3y PANS dur 3

La,p>s,= Py(7) (13
+ {ps,as>y,—<Kas, ps>,

AAM Py(ry) ='< 5,0y, —<p,ady, ZRE
23 39 P,(7)56l¢ 29% 234 =28 F9
o) =S AFelth. Pyu(7)E A Axtst 23
| #AS o] F2 W 4|(displacement) 7, A9 A
st A71E Md@d s 24 & YUk '

(ps,as) v, 20000 <Las, ps> 5, 209 24 @
ki

<a,p> s, 2 Py(ry) (14)

(14)49] Ba= [5-7]9] AAE 24 Z28 14 3
A4 fAVSIL, DoF AUTS T2 ooy A3se 2
ARE 5T 4 glow (194S AHedd T2 ¥
AE 3, ADRE T 5 2 AT 194
Agdte] T2E BAS FPI.

V. THFA 7 2% &3 AAHO] 78

PRFAL 7] 2 24 A2 AojAlaY, o]
E93 ¥4)7), =93 X2 H(waveguide probe) 2 74
ek o) g 29 =APu s Aztsr) 98 (29 2)
st e WHFA Fe A5FANcircular cylindrical
scamning)7t 7F5 @ 29 el 2AANE Ak,

1500

(a) & (b) Yoz

(a) AUT 22 & ST2E KOs

|



FUX YSNE pelot DHT-UAT HE BAS 083 b 2HY EYUnF MY 55
]

(c) H3l2S ol

(0 H2RS Mo

(e) 2E{ OIS
I8 3. 29F &Y AlAHS| MERZ

o9% 34E #9814 AUTE [:L%‘ 3@l A=A
3 Z2d e (a9 3l(b)d AA ) T2H = FEA
ol At AEE ZAeE L &
t}. OERW(Open Ended Rectangular Waveguide) Z2
BE AT 4= Ak B =R AM e ALz el UE
AHEgtE [29 3)(c)¢) 2813 2E(stepping motor)=
At E S Ao FY 9% 2aAF7] 93
ks RHOE RW=Al 45718 FEsteof gtk

R2EY A& ¢ RS-232C =2 USB EE(port)&

o83l AE B4 T2 A [24 3a)
o [29 3D SiE 2HE BHE JALFH 352
< 47 Aok [2¥ 3le)9 ZH AoRe
A9} 7] (motion controller), &} =2}o|vl(motor driver),
RS-232C QlE}# o] A(interface)2 FA %l EHE B
o] HES} 7+&7)(gear)E 01851 Aot BolR
HE9 9x) HAEE 5 mmelX| T 301 HE7E A
o 93] SAEE 530 mmE Pt FgH o=
AUTS Z2ro AFELE A/5 o3/t HEE U

o] A% AUTS Z28] Aejzh Jheld ¢k 379 2
7 A Eoh

294 &A349E 493 Adse dugEe
[z 4)e) 27050 giok [2] 219 29 &34 A=
€8 olgale] 29 ZAUo|EE A1 FXF L] &
4% FFTE 2438t 399 (spectral domain) ¥4
2L g} FFT ¥# 4 (resolution)& 5 7HA17]
7] $i3te 2AHGY ol gL gz PE Y
A3} FFT A8 ¥4 3599L 338 A92(ndex)d)
Azgel 2z 3 A¥2v) FY3ES PES A
AEs o} gt FFHES o) 83t 5+ £, £,0 A
3 4IFg 0,000 i oz viE. 29% $39f
AHERE Z2H JEgg Fo)7] f8td (14)4d AAE
Z2E YA YA o] gt niXHe g L2 H o
go] Zta g 99 ANENE A=t

B3] dgstd 293E s H5td (29 2
o} (2] 3ol 2" Al2eg FEEe AAghe B
2 wEt o] Augte] (1440 Y= P, (7)E 74
) 2BAHQ G 3 olEE =9 293
4939 gAll= Fol B3 (Fourier transform)&
olFm2 AT A9 ArS $isie) 2A4YLo|] F3Y
E(zero matrix)& F713t} o] #A L T3 S
g E(resolution)& AYALZ Y & Yok



56 stZEtIzal3

Ir
Ho
Ral
(=)
[»>]
<
=}
[e)]
=
o

[\®]

Job

=13

Felo) Wag w2 S987) H8 Py(ry)el o
8 FFT(Fast Fourier Transform)& 283ttt SAHQ1

FFT g8 dHa:  ZAYAE=
7o=(x, mby, nAzZ) oIt} FalolBelN # LA
FE23 Ae)(sanpling theorem)E ¢HL &40 &

318 24 3|4 =(measurement resolution)

AdS

Ay, Az<\/[2 (15

T3 g o83 J4Fe] Arle FFEX
(wavenumber spectrum)& #%=31H

_ 2mn _ 2n=x
k=47, k=S (16)
6= cos ~I( }Zz ), o=tan ‘1(%’-) 17

A7\ Mz N& y&3} z3e) 33 A4Fe AF

oje} B=k+ 4K, k=2r/\.

(194 A 2HE ANY Py(r,) & Hstd o
o] FFT AP e "daF oz ey Axge] 93
o] ¥3s]o] glrt 1AL lole o) TR B B9
o (1929 FEE 2A T2B BAAL o438 =
28 3AS 44 P 4 gick ol T2 E HAS
o ZRBHY ddFe g3 Uoot gk OERW
(Open Ended Rectangular Waveguide) T2 H ¢ A9-=
[12)[13]0] YEFo] ZAIH o2 BA7} 5o ot £ =
FolA AREE AlZE Bt Hle) T2H Jdge
[14105]& ol-&31H %t

B =R AgE T2y gy uAAe] Hiygs
g7 sistel (29 319 &3 A" (29 4]9)
dneEe g4t Xl ¥3 vl g 2y
Z 2R3 293-99% g 225 H 439

(28 51 A73E 9493 5 (normalized far—field
wavenumber)7t  ®¥3he  AS$Y  §Y9  #Hn
(co-polarization) %73} EA} #& (normalized radiation
pattern)& JeRdt [2¥ 5ol 29S8 Wk Bat
dela 93NN EAT BA HEHE vusd
k=09 A% F uEe] Z 2o} £,=0%
e BH(side-lobe)ol A 2 22 F+= A& £ 4 Ak
4 Ay 2R 2" Y Aoyt Artojnz
AR i EA7E Q, FFAL ded &4
Al o] o3 WA} 9le] AlXY qAE F1 gtk

0— -fm%\%

-
(=)

~
(=)
S
"o,
©

& Ean. (14) N
j o Far-field measurement \ {/ \
o

Normalized co-pole pattern [dB]
8
Lo
\Qx%%\
s
o

A
=}

occ-
-508 .

-1 -0.5 0 0.5
Normalized wavenumber, k /k, whenk, =0

(a) k, =09 Z* Y WLt =Ar W



2UX HSHZ MRl SHT-HAT HE TAS 028t ML} 2T EXYTAE WM 57
(2] 6] 994 g5l gigt BAL H8g AN4e
0 -
AN olg3tel 0,02 WY B} HEg Yehith BF &
_ 4 R cheite) 33 BAl AR 4G RS & Yok
m o %
< ] B
ey | /L‘ o Oabo
£ (Ve ‘;\ FE\ &,
© A W\ v, A2
gast & /0 %o PO TEE
8 o * ® \ !’\%“
g 20 N / \j QHY 29 S-S A7) Hete gutalE
[ -1 /’ Eqn. (14) % Z2H B3R WAL fEsla A7te 29% gy
[} o Far-field measurement
Z s | 3 Az"dg A, XME EF EQHEHUE o83t
,S o 293 24 A2dd A dadE&E AFe A
=9 05 0 05 1 otd 274 A2"a 2EL k=0 HXdAE ¢
Normalized wavenumber, k/k whenk =0
A% Ags vizsd k=0 XA 497 44
(b) k,=0¢ ZP SY HO} SAt I ~
of BgelA Ao)7t e RE B F dut FqFde
38 5. FRctE HAY ot Hshs FRQ SU B Y £, =09 EHGHE AN At ZE AojR g

'Fl‘if EAt DiE
EXFE0b4: 19.8 GHz, AUT: X¥iE BFE S0t
L} 4.8cm x 3.2cm, AUT-Z2H 7{2|: 10cm)

3AHH WX} Wm
T HES

=AtmE -
get o, 000 cHet ¥

F5A BAE EsoF & Rolth

23, pp.28-35, 2004.

[2] A D. Yaghjian, "An overview of near-field
antenna measurements,” IEEE Trans. Antennas
Propagat., Vol.34, No.l, pp.30-45, 1986.

[3] J. H Richmond and T. E. Tice, "Probes for

microwave near-field measurements,” IRE
Trans. Microwave Theory Tech., Vol.3, No.3,
pp-32-34, 195

[4] J. H Richmond, "Simplified calculation of antenna
pattems with application to radome problems,”
IRE Trans. Microwave Theory Tech., Vol.3, No4,
pp9-12, 19%5.

[5] W. M Leach and D. T. Pans "Probe-
compensated near-field measurements on a
cylinder,” IEEE Trans. Antennas Propagat.,
Vol.21, No4, pp.435-445, 1973.



58 BIEZeIZEF=2X| '06 Vol 6 No, 2

[6] D. T. Paris, W. M. Leach Jr, and E. B. Joy,
"Basic theory of probe-compensated near-field
measurements,” IEEE  Trans.  Antennas
Propagat., Vol.26, No.3, pp.373-379, 1978.

[71 E. B. Joy, W. M. Leach, G. P. Rodrigue, and D.
T. Paris, "Applications of probe-compensated
near-field measurements,” IEEE  Trans.
Antennas Propagat., Vol.26, No.3, pp.379-389,
1978.

[8] J. F. Nye, "A simple method of spherical
near-field scanning to measure the far fields of
antennas or passive scatterers,” IEEE Trans.
Antennas Propagat., Vol.51, No.8, pp.2091-2098,
2003. ’

[9]1 C. A. Balanis, Antenna Theory: Anglysis and
Design, John Wiley & Sons, 1996.

[101V. H Rumsey, "Reaction concept in
electromagnetic theory,” FPhys. Rev., Vol9%4,
No.6, pp.1483~1491, 1954,

[11] W. L. Stutzman and G. A Thiele, Anterra
Theory and Design, John Wiley & Sons, 1997.

[12] A D. Yaghjian, Approximate formulas for the
far fields and guin of open-ended rectaﬁgular
waveguide, National Bureau of Standards
Internal Report, 1983,

[13] A. D. Yaghjian, "Approximate formulas for the
far field and gain of open-ended rectangular
Waveguide,” IEEE Trans. Antennas Propagat.,
Vol.32, No4, pp.378-384, 1984.

[14] P. Russo, R. Rudduck, and L. Peters, Jr.,”A
method for computing E-plane patterns of horn
antennas,” IEEE Trans. Antennas Propagat,
Vol.13, No.2, pp.219~224, 1965.

[15] C. Profera, "Complex radiation patterns of dual
mode pyramidal horns,” IEEE Trans. Antennas
Propagat., Vol.25, No.3, pp.436-438, 1977.

- 19984 29 1 ATt AAFE
SHEEAD

S 20008 24 ¢ BETETIE A
7| RAAFEHIHFHAAY

L2002 89 1 @RF}rIEY A
Aarts A71LAA TR

¢

ra

<BARoD> : e, ZRF, AR AT L A



