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Fig. 1. Three different array arrangements.
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Fig. 2. Angular spectrum domain sampling diagram and synthetic field distribution diagram of three different array configurations:
(a) Normalized angular spectrum domain sampling diagram; (b) normalized electric field distribution diagram.
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Fig. 3. Angular spectrum domain and generated field after changing number of array elements: (a) Angular spectrum domain

sampling results with a spacing of 0.5\ between array elements; (b) composite field of arrays with different number of array ele-

ments at target position.
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Fig. 4. Spatial distribution of two arrays and target uniform field: (a) Isospatial linear array; (b) non-uniform linear array.
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Fig. 5. Angular spectrum domain sampling diagram and composite field distribution diagram of uniform field: (a) Normalized angu-
lar spectrum domain sampling diagram for isospatial linear array; (b) normalized electric field distribution diagram for isospatial lin-

ear array; (c) normalized angular spectrum domain sampling diagram for non-uniform linear array; (d) normalized electric field dis-
tribution diagram for non-uniform linear array.
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Table 1.  Five target field expression spatial domain, spatial frequency domain and projection angle of each element.
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2 E(z,10\) = E(ks) = Qw 0rn = arccos (n N2+
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ko Vl(n = 16)2/217 + (100)2
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Fig. 11. Electric field distributions: (a) Target field 1; (b) target field 2; (c) target field 3; (d) target field 4; (e) target field 5.
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Fig. 12. Uniform raster planar array for synthesizing uni-
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Table 2. Three target field expression spatial domain, spatial frequency domain.

Ehae7) zEFRIBA FiFR A
1, Jz| < Ayl <A . .
1 E(z,y,10\) = Bk, ky) = 4 Sin(2kaA/2) sin(2ky A/2)
0, others ke ky
2A <z < 4A
1, . .
2 E(z,y,10)) = —0.5A <y < 25X Bk, ky) = 45111(2230/\/2) . 51n(3:y,\/2)
z Yy
0, others

V32 = —z + 28X

1, 6A <z <8

3 E(z,y,2) = E(kz,ky) _ 4si1‘1(2km>\/2) ) sin(2kyA/2)
“A<y< A ke ky
0, others
£ 3 34 BFRHXRN A FETT R B
Table 3. Three target field projection angle of each element.
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Fig. 13. Near-field electric field diagram of target field 1 in Table 2: (a) zOy plane normalized electric field diagram corresponding to
z = 10); (b) Oz plane normalized electric field diagram corresponding to y = 0.

180201-10


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 18 (2023)

180201

H—fk
HIEE/dB

0
7.5

~<

>
—15.0
—22.5
—30.0

-3 0 2 3 4 6
z /A
K14 R2dHRG 2 85mEE

15

H—1k
HIZIREE /dB
0

10 S -

—-7.5

z/A

—15.0

—22.5

—30.0

WP ST

(a) 2= 10A XTI Y 2Oy FHH— AL LI (b) @ = 3AXTNEHY yOz ¥ 1 H— 4L i 3% 1#]

Fig. 14. Near-field electric field diagram of target field 2 in Table 2: (a) zOy plane normalized electric field diagram corresponding to

z = 10); (b) yOz plane normalized electric field diagram corresponding to z = 3.
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Fig. 15. Near-field electric field diagram of target field 3 in Table 2: (a) V32 = —2+28) plane normalized electric field diagram;

(b) 2Oz plane normalized electric field diagram corresponding to y = 0A.
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A method of generating arbitrary uniform fields based on
angular spectrum domain and time inversion®

An Teng-Yuan  Ding Xiao
(Institute of Applied Physics, University of Electronic Science and Technology of China, Chengdu 611731, China)
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Abstract

Existing uniform fields are usually based on the special arrangement of the array antenna. The uniform
fields generated by flat-top beam shaping in angular far-field area or by point focusing in near-field area are
directly subject to the array configuration and cannot be flexibly controlled. This paper presents a method of
generating uniform field based on the combination of angular spectral domain and improved time reversal
technique. This method is not limited by the array arrangement. It can generate a uniform field of specified size,
shape and deflection angle in the same array arrangement at any position, including the near-field region. In
this work, the reason why this method is not limited by array arrangement is explained theoretically. Secondly,
the ability of the fixed array configuration to generate multiple uniform fields is validated numerically. Finally,
the time-reversal technique of reversal signal amplitude reciprocal weighting is introduced. The problem of
deterioration of uniform field flatness, caused by amplitude decay and phase delay during the generation of
uniform field, is solved through this technology. The results show that the quality of the synthesized field is
related to the main lobe and sidelobe information of its corresponding angular spectrum domain envelope, and
the generated any uniform field must contain at least half of the angular spectrum domain main lobe
information and half of the sidelobe information. This method can flexibly control the position, size, shape and
deflection angle of one-dimensional and two-dimensional uniform field, which provides a new way to flexibly

generating uniform fields.
Keywords: angular spectrum domain, time reversal, uniform field
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