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u=sinfcos¢, v=-sinfsingp, k= 2n/\,

ft (U7 U) =
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B RAETT 1 (ug, vo) TEFLLETE T Al A B8 o By
{8, FRA (11a) ZEDATERTS fi(u, v) PREERCRAE, X
— TR BRBUE IR 22, BRI NS E
&, ARES AT E T N IS IEAZ, 55 —Fhr ik
& (11a) RIS F KA A58 5.
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Table 1. Comparison and evaluation of four computation methods of directivity in uniform distribution of electromagnetic
excitation.
Fik J5 1 R EOT5E/dB BRESMT ATt LR ] /s TR ACRURI B
05 I FH 5 34) X SR 2 B 471 A%
B TEERY, 454 040.9512,
INVuviR2: 51.247607 x 10°8;
oA U EARIX [8]: [40.95119, fTRE, =N A
(20)=NES EHA D, 40.9512 40.95129], J7:4)HELEH 5 21.51 T
WRLHIEHELE 22V G,
BN R B EERINTR, Jrikd) ]
YR BAE S % i
1) PNF 4113 L (B K £90.18 dB 111 T Fe
A U Sl TRPBERCHR, AR R
2) ZIXI%%%;‘“*’%}* il 40.9522 WL R £490.001 dB 20.56 FFET AR B
i FER/N
L AE R K £90.001 dB, TRBERCNS , A R
3) “HEAREAG AR R AR 40.9522 INVuviRZE#1.247085 x 108, 211.78 FEFT AR E G5
T3> FAIX 6] [40.9521, 40.9523) [N
e FL{E A K £90.001 dB, o RE LR A
: ) oS8 B, ST PR A A
s quad2d ) FREA B2, NP T T
4) FIRABRE 40.95218 BRI, INVuvis it 1805.52  LACAMRERAIE D,

Ve

9.120334 x 109, FH4r EAH X Ja]:
[40.952139, 40.952217]

A 104 x 156, FiEE
IR HAE
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Table 2.  Comparison and evaluation of four computation methods of directivity in uniform amplitude & linear scanning
phase distribution of electromagnetic excitation.
Fik Iy T R EOTFE /dB BT AT HA ] /s TR SRR B
05 1 FH T 25 (4) RHBIN Rk B9 A B 3k
TPBUERRSY, 4530 0938.9474, INVuviz
Z=542.257101 x 10°%; BUr BAAIX A X NS
(20) I EAH D, 38.9473 [38.94733, 38.94746), Jrikd) ALY 20.92 b, /gi;ﬁm e
PR B T 58 2456, AR -
IR, Ik RN E
(57 Al
1) PNF 39.33 AR Z0.38 dB 1.12 MR
. : TR, A R
2) @ﬁ%ﬁ%ﬁmu 39.2175 HeFLfE AR K £90.27 dB 20.92 FFET s BRI A
i PR )N
o . H ELEAR R Z90.27 dB, INVuviR2: it TEERENG, TR ) AR
3) Jﬁj@fgﬁﬂﬁ 39.2142 1.248032 x 1077, U3 FL{E X [l 201.61 FEFT BN R
2 [39.21385, 39.21457] B RN
| : o TRPE IS, THAR A R
4) BTSRRI . H LR 290,25 dB, quad2d 5k , TG B,
WO 39.2023 iR INVuviRZE 2. 873319 x 108, 1276.35 104 x 156, FHiFiE
‘ BN B IX [ [39.20225, 39.20241] Ry L
# 3 Wl Taylor 43R WP 07 [ R ECGHE LLEITAR
Table 3. Comparison and evaluation of four computation methods of directivity in Taylor distribution of electromagnetic
excitation.
Fik J5 T REOTFE/dB RZESHT AT LR ] /s TR SRR B
05 1 FH T :4) WP B R LR M9 A B i A 7
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B AR BE RS, k) e B,
HESH 5
1) PNF 38.40 HEFLAE R K £90.59 dB 1.04 BRRE Fe R
N TR, A R
2) @X@fﬁ%ﬁﬁ” 38.1953 AR KZ0.39 dB 20.65 TFFT S B 4
- PR )N
. s FE B R K 290.4 dB, INVuviizE it TR, T R
3) Jﬁ%%ﬁﬁ%& 38.2152 1.249154 x 1078, HAHIX[H]: [38.21517, 189.59 TFFT s HOR A
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P HCELAE R £90.38 dB, quad2d() s B T
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el

FAEX[H]: [38.19051, 38.190516]
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ERY BAR

FEEE] PNF S5 1) 2 8 fE.

S

Wi ARSI 1 BEAE Bl ACIE EE A AL

Bl 6 AL ARALREAL «IE A 73 A0 1R 28 0
Taylor 70 A R0 . E5 0] 3 (9 FEAH L, 51 AR
J&E ARBLBEAL “IE AR 28 . PURR 5 iR AIE
RN 6 Prol. 452K, BENLIEZS 201 i Af
R 28 X J7 1) 28 BOBE R w2 2% (O 1) 28 B0y
25 dB ZeA7), SEEL 1 IRT5 1A PERRTE MRS AR 20 A
FERE ) PNF S8 3 J7 1) 2 400CEE | o B R bR,
oAt 75 a8 3 AR > B AL A AT S 5 7
BES Gy =S8

BBl 7 R ARALRERL IEZ M AR R

BEAL B iR 22, dE— 5B/ N )y n 280
RS R L. DUFP 7 e B PEAl 45 R an & 7
A, PURh I RS BRI R
B 6 MIIBTEZRA, IR AR 22X Y A e AH A A
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Table 4. Comparison and evaluation of four computation methods of directivity in Taylor distribution of electromagnetic
excitation with raised precision of FFT algorithm.
Tk Ty #ZEH R /dB WL ATt HAEE ] /s TERR AR R
0; 1 FH T 1:4) X W R LR M 5 A B A 7
BUEFSY, 459 937.809329, INVuviz
%546.831371 x 1019 FUT EAHIX [A): X NS
(20) I EAH D, 37.8093 [37.809327, 37.809330], J7i%4)iHA L5 R 21.18 b, Q?EW@'*'
SRR B BT 58 256, 8t -
ARG E R, Jrikd) il fENE
HIHS S HEUE.
HC LA R A0.56 dB, 45 LM FFT 5802 EERR, 4 PP T
1) PNF 38.36 05 £ 3 LA 25 M, 1.09 g2t x 2t AT
B = FET &0 0210 x 210
. TSR, TR R]
2) tﬁ%&fﬁgﬁu 38.1533 Ho B R0.34 dB 82.18 A FRFT 5 ORI 8
- ot PRHERERAN
— . AR K0.34 dB, INVuviR2: 5 PHE A, TR R
3) Jﬁf}%ﬁﬁﬁ 38.1535 1.805049 x 108, EAHIX[H]: [38.153468, 900.46 T FFT R S8 s
P 38.153549] SRR/, SRS
H BB K0.33 dB, quad2d () kA& 4 RS 3 N
1) BIR AR B2, INVuviR 271247355 x 107, B A
) ‘%ﬁ%ﬁﬁ A 38.13822 51X 1A]: [38.138217, 38.138222], 4551 1468.83 $%%‘1‘04 156 ?{%‘57
i FFT s B0 A3 i A A 84k, Fe RV ECfi P HREER
KEER G RBMALUMEA 1L A
# 5 WU Taylor 4370 WA 22 BEHLIS 53 4310 DU 5k J5 1) 2R B3 OB Al
Table 5.  Comparison and evaluation of four computation methods of directivity in Taylor distribution of electromagnetic

excitation with uniform random errors for amplitude & phase.

Jrik 75 I REOHHAE/dB RZESHT AT e /s J7 AR AR R
05 R 7 1:4) 4 KR 5 A B 307
BAEBY, 455 013.3604, INVuviias
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LR I EUEE P52 200 5, U -
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S M.
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TRBEREI, AR R
2) z';}jfj\z%f“g[' 4 13.6866 FE BN K 290.33 dB 20.25 FFFT AEIA SRR
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e ; iR o) M NN EIL
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LR EAE
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(TS AT 7 ) R, TR B . X R
PNF {155 5 05 ) R BCR LRI, B INVuy 19
B S  H INVuy BU BLE /D, 18 B3 7
] R BUE HL AR 4) Fhor B8 A0 07 18] 2R B0 I K
RN 4) Bh o7 X i INVav iR 25 51 (n sy
i 145 7 R 22T Al TR A A RAERT) B2
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OB R LT 1) R AR AR R, X s B PNF 1153
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B 4 i/ . PNF AR 0] RECR LT, Bk
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e R SR INVuy FUMR B B I A E i (GF
TR AEITA Ik (B4ESE 4) Forik) 1t
TR 7 1) R BRI T ) R BRI R, SR
1 8 PNF T3 08 77 1) 22 508 fin 3830 7 1) 3 800
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Table 6. Comparison and evaluation of four computation methods of directivity in Taylor distribution of electromagnetic

excitation with normal random errors for amplitude & phase.
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Table 7. Comparison and evaluation of four computation methods of directivity in uniform distribution of electromagnetic

excitation with normal random errors for amplitude & phase.
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Abstract

Directivity is one of the core performance parameters for an antenna, and its accurate computation and
measurement have been receiving attention in the past decades. While quite a number of computational
methods for antenna directivity are developed, a comprehensive comparison among these methods, including
their advantages and disadvantages, has not yet been reported. In the literature, most of these methods can be
roughly classified as two categories, i.e. numerical methods and analytical methods. The numerical methods
include those simplified numerical methods for accessing the radiation pattern. For example, some methods
assume that the radiation pattern is only elevation-angle dependent, and an approximate truncation of the
integral interval is often employed. The analytical methods are developed, where the electromagnetic radiation
intensity and the total radiation power for a specific antenna are derived analytically. Nevertheless, so far there
have been less efforts dedicated to developing general computational methods based on the antenna's planar
near-field theory and associated computational schemes, although indeed quite a few of advanced mathematical
approaches have been used to obtain the accurate directivity, including the series expansion based on the
spherical wave scheme and the Fourier expansion scheme. In spite of these efforts, one can see that a general
accurate numerical scheme for the antenna directivity is still urgently required. As an important supplement to
these efforts, this paper adopts or proposes four numerical integration methods regarding planar near-field
measurement of the antennas under test. Based on the planar near-field theory, microwave near-field data, and
fast Fourier transform (FFT), this paper discusses the numerical integration-based algorithm schemes based on
the simulated (or measured) near-field data and relevant numerical uncertainty estimation. Specifically, an
antenna with accurate directivity is chosen for illustrating the accuracy assessment. First, a set of near-field
data under the well-established probing condition is simulated and then used as an input for subsequent
numerical calculation of the antenna directivity value. Four different numerical integration methods are
employed and their possible numerical errors are discussed. Consequently, the antenna directivity values are
obtained respectively from the four different numerical methods. It is revealed that the numerically evaluated
directivity values from the near-field data are roughly at most 0.6 dB larger than the accurate value. This work
represents a substantial step toward a reliable estimation of the antenna directivity from the near-field data of

an antenna.

Keywords: antenna, directivity, numerical integration, approximation

PACS: 84.40.Ba, 02.60.Jh, 02.60.—x DOI: 10.7498/aps.69.20191268

1 Corresponding author. E-mail: suthap@sina.com

028401-13


http://dx.doi.org/10.7498/aps.69.20191268
mailto:sufhap@sina.com
mailto:sufhap@sina.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

