
Horizontal 3D sound field recording with omni-directional circular arrays 
3D sound field on horizontal plane


Vertical derivatives of              are required for recording entire 3D sound field 

2D cylindrical harmonic spectrums of sound field recorded by a circular array


Multiple radii      with maximum order  


Spherical harmonic spectrums        for              even of 3D sound field


Only using omni-directional microphones is sufficient for even components 

2.5D HOA with a circular array (J. Ahrens et al., Acta Acust. Acust. 2008)

Sound field produced by a circular source


Analytical driving function


Applying L’Hoˆpital’s rule for 

Simulation conditions 
Radii of five circular arrays: 0.4, 0.35, 0.3, 0.25 and 0.2 m

Target frequency band: 1 kHz and maximum order: 

Number of microphones: 21+19+17+15+11=83 (less than                           )

Comparison with pressure matching (PM) and 2D analysis-based methods


Results 
Reconstruction and 
synthesis errors


Averaged synthesis error


3D Sound field recording and synthesis with microphones and loudspeakers 
Wave field synthesis (WFS) with planar arrays

Higher-order Ambisonics (HOA) with spherical arrays


A huge number of elements are required and impractical arrangement 

Horizontal sound field synthesis with linear and circular loudspeaker arrays 

2.5D sound field synthesis 

Array geometry is 2D but radiation property of loudspeakers is 3D: -> 2.5D

Restriction: Only sound pressures on reference line or circle are synthesized


Conventional sound field recording methods for 2.5D synthesis 
Assuming 2D sound field (e.g. S. Koyama et al., IEEE TASLP 2013, JASA 2016)


Actual sound field is not 2D but 3D

3D sound field recording with 3D arrays (e.g. T. Okamoto, WASPAA 2017)


Spherical arrays (=a huge number of microphones) are required

3D sound field recording with a planar microphone array  
                                                    (H. Chen et al., JASA 2015)


Differential microphones or microphone pairs are required

Proposed method: Horizontal 3D sound field recording  
with omni-directional circular arrays for 2.5D synthesis 

Only estimating spherical harmonic spectrums        for              even is sufficient 
since 2.5D synthesis also only requires       for              even components

4. Computer simulations

Horizontal 3D sound field recording and 2.5D synthesis 
with omni-directional circular arrays
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s = [2, 2, 0]T
<latexit sha1_base64="uEkIOjbMNOSIwXhqBZi7smMUQqE="></latexit><latexit sha1_base64="uEkIOjbMNOSIwXhqBZi7smMUQqE="></latexit><latexit sha1_base64="uEkIOjbMNOSIwXhqBZi7smMUQqE="></latexit><latexit sha1_base64="uEkIOjbMNOSIwXhqBZi7smMUQqE="></latexit>

s = [2, 2, 2]T
<latexit sha1_base64="sscyQSsBMHc3a9Bufz0PpW/ycaE="></latexit><latexit sha1_base64="sscyQSsBMHc3a9Bufz0PpW/ycaE="></latexit><latexit sha1_base64="sscyQSsBMHc3a9Bufz0PpW/ycaE="></latexit><latexit sha1_base64="sscyQSsBMHc3a9Bufz0PpW/ycaE="></latexit>

with Åm
<latexit sha1_base64="9CPh8YnhORsghgOkdO0f5/7gqJs="></latexit><latexit sha1_base64="9CPh8YnhORsghgOkdO0f5/7gqJs="></latexit><latexit sha1_base64="9CPh8YnhORsghgOkdO0f5/7gqJs="></latexit><latexit sha1_base64="9CPh8YnhORsghgOkdO0f5/7gqJs="></latexit>

(b) reconstructed
<latexit sha1_base64="7AFz75PQEEidV3ibyUeb6ZZK1Zg="></latexit><latexit sha1_base64="7AFz75PQEEidV3ibyUeb6ZZK1Zg="></latexit><latexit sha1_base64="7AFz75PQEEidV3ibyUeb6ZZK1Zg="></latexit><latexit sha1_base64="7AFz75PQEEidV3ibyUeb6ZZK1Zg="></latexit>

(c) reconstructed
<latexit sha1_base64="GYaThpqNUuLE18GULzD+YOEhL1U="></latexit><latexit sha1_base64="GYaThpqNUuLE18GULzD+YOEhL1U="></latexit><latexit sha1_base64="GYaThpqNUuLE18GULzD+YOEhL1U="></latexit><latexit sha1_base64="GYaThpqNUuLE18GULzD+YOEhL1U="></latexit>

(a) original field
<latexit sha1_base64="Ff9FJ4Vqo60GqaNMHtvIgSZwbPU="></latexit><latexit sha1_base64="Ff9FJ4Vqo60GqaNMHtvIgSZwbPU="></latexit><latexit sha1_base64="Ff9FJ4Vqo60GqaNMHtvIgSZwbPU="></latexit><latexit sha1_base64="Ff9FJ4Vqo60GqaNMHtvIgSZwbPU="></latexit>

(d) synthesized
<latexit sha1_base64="An3lyvV9hBmcA36+sb3s5ZgK4I4="></latexit><latexit sha1_base64="An3lyvV9hBmcA36+sb3s5ZgK4I4="></latexit><latexit sha1_base64="An3lyvV9hBmcA36+sb3s5ZgK4I4="></latexit><latexit sha1_base64="An3lyvV9hBmcA36+sb3s5ZgK4I4="></latexit>

(e) synthesized
<latexit sha1_base64="6Lrq820pCQpZS3wwTMeeM4hm3ek="></latexit><latexit sha1_base64="6Lrq820pCQpZS3wwTMeeM4hm3ek="></latexit><latexit sha1_base64="6Lrq820pCQpZS3wwTMeeM4hm3ek="></latexit><latexit sha1_base64="6Lrq820pCQpZS3wwTMeeM4hm3ek="></latexit>

(f) synthesized
<latexit sha1_base64="fpg71bbTu/3RkW3TuJYPYeXYHIU="></latexit><latexit sha1_base64="fpg71bbTu/3RkW3TuJYPYeXYHIU="></latexit><latexit sha1_base64="fpg71bbTu/3RkW3TuJYPYeXYHIU="></latexit><latexit sha1_base64="fpg71bbTu/3RkW3TuJYPYeXYHIU="></latexit>

from Åm
<latexit sha1_base64="YaRxfpW+9cE+eS+cM3PjH6I3EW8="></latexit><latexit sha1_base64="YaRxfpW+9cE+eS+cM3PjH6I3EW8="></latexit><latexit sha1_base64="YaRxfpW+9cE+eS+cM3PjH6I3EW8="></latexit><latexit sha1_base64="YaRxfpW+9cE+eS+cM3PjH6I3EW8="></latexit>

S(r,�/2,�)
<latexit sha1_base64="ggqPB3o2v2vGO/yGIVTfYTEBqPo="></latexit><latexit sha1_base64="ggqPB3o2v2vGO/yGIVTfYTEBqPo="></latexit><latexit sha1_base64="ggqPB3o2v2vGO/yGIVTfYTEBqPo="></latexit><latexit sha1_base64="ggqPB3o2v2vGO/yGIVTfYTEBqPo="></latexit>

from Ǎm
n

<latexit sha1_base64="XSW/cFHsyJ7poFd9/Au8Iqo6LQw="></latexit><latexit sha1_base64="XSW/cFHsyJ7poFd9/Au8Iqo6LQw="></latexit><latexit sha1_base64="XSW/cFHsyJ7poFd9/Au8Iqo6LQw="></latexit><latexit sha1_base64="XSW/cFHsyJ7poFd9/Au8Iqo6LQw="></latexit>

with Ǎm
|m|

<latexit sha1_base64="xIZSgJkBiz1yHXljWjgxudx8VIA="></latexit><latexit sha1_base64="xIZSgJkBiz1yHXljWjgxudx8VIA="></latexit><latexit sha1_base64="xIZSgJkBiz1yHXljWjgxudx8VIA="></latexit><latexit sha1_base64="xIZSgJkBiz1yHXljWjgxudx8VIA="></latexit>

by PM method
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(c) s = [2, 2, 2]T
<latexit sha1_base64="aivHKQZsSFT1U9zx85F0Wu0aOqY="></latexit><latexit sha1_base64="aivHKQZsSFT1U9zx85F0Wu0aOqY="></latexit><latexit sha1_base64="aivHKQZsSFT1U9zx85F0Wu0aOqY="></latexit><latexit sha1_base64="aivHKQZsSFT1U9zx85F0Wu0aOqY="></latexit>

(b) s = [2, 2, 0]T
<latexit sha1_base64="UBbxl5BOTrvFn5oc5QR5jxr/2lk="></latexit><latexit sha1_base64="UBbxl5BOTrvFn5oc5QR5jxr/2lk="></latexit><latexit sha1_base64="UBbxl5BOTrvFn5oc5QR5jxr/2lk="></latexit><latexit sha1_base64="UBbxl5BOTrvFn5oc5QR5jxr/2lk="></latexit>

(a) s: 2D plane wave
<latexit sha1_base64="cm0EPHqq6LlBssVdsZ1O5sdF9pc="></latexit><latexit sha1_base64="cm0EPHqq6LlBssVdsZ1O5sdF9pc="></latexit><latexit sha1_base64="cm0EPHqq6LlBssVdsZ1O5sdF9pc="></latexit><latexit sha1_base64="cm0EPHqq6LlBssVdsZ1O5sdF9pc="></latexit>

This study was partly supported by JSPS KAKENHI Grant Number JP18K11387. 

A0
0

<latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit>

A�1
1<latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="1tqRKu4qqxHI8AQAeehg2wQidig="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="U+muTAsnczf9EYIMYvZgHHT2zS4="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit>

A1
1

<latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit>

A�2
2<latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit>

A0
2

<latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit>

A2
2

<latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit>

A�3
3<latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit>

A�1
3<latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit>

A1
3

<latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit>

A3
3

<latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

(a) recording S(r,⇡/2,�)
<latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit>

(c) 2.5D synthesis with D(r0)
<latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit>

Estimation
<latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit>

Conversion
<latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ0
0

<latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit>

Ǎ�1
1

<latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit>

Ǎ1
1

<latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit>

Ǎ0
2

<latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit>

Ǎ�2
2

<latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit>

Ǎ2
2

<latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit>

Ǎ�3
3

<latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit>

Ǎ�1
3

<latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit>

Ǎ1
3

<latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit>

Ǎ3
3

<latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit>

(b) Ǎm
n for n+ |m| even

<latexit sha1_base64="mafOvUKi0voPCj1UTiaOLXTvKBs="></latexit>

N = dekRq,max/2e = 10
<latexit sha1_base64="P/QmLBpIFK8xcYYIrerxqG+R59k="></latexit>

f = 500 Hz
<latexit sha1_base64="ZGV9kD8O+k2t0FJRnAz4o0GSo9Q="></latexit>

10 log10

��Sorg(r)� Srec/syn(r)
��2

|Sorg(r)|2
<latexit sha1_base64="ejNimUiiAbqFHZledIbi36uMbQs="></latexit>

(N + 1)2 = 121
<latexit sha1_base64="spEk+/WjNj+i9/h0N5ICc9Di5E0="></latexit>

S(r, ✓,�) =

Z 2⇡

0
D (r0)G3D (r, r0) r0d�0

<latexit sha1_base64="e3UAM5SdOSby6/gXvmB+zNhWGYE="></latexit>

S̊m (rref) = 2⇡D̊mG̊m (rref , r0)
<latexit sha1_base64="42qbsdfnuRkwZGtbY/Qsh3+0d/4="></latexit>

D̊m =
S̊m (rref)

2⇡G̊m (rref, r0)
=

P1
n=|m| Ǎ

m
n jn (krref)P |m|

n (0)

2⇡
P1

n=|m| jkjn (krref)hn (kr0)P |m|
n (0)2

<latexit sha1_base64="cDp1WKfGcnQf/QB3JU3QJo66WVA="></latexit>

rref = 0
<latexit sha1_base64="YtZFPzvB1Xr9nVWjbtFyjxo4bgM="></latexit>

D̊m

���
rref=0

=
Ǎm

|m|

2⇡jkh|m|(kr0)P
|m|
|m| (0)

<latexit sha1_base64="i3HsWfx8/tsO/oGhR7+0RVA0LtE="></latexit>

A0
0

<latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit>

A�1
1<latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="1tqRKu4qqxHI8AQAeehg2wQidig="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="U+muTAsnczf9EYIMYvZgHHT2zS4="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit>

A1
1

<latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit>

A�2
2<latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit>

A0
2

<latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit>

A2
2

<latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit>

A�3
3<latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit>

A�1
3<latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit>

A1
3

<latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit>

A3
3

<latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

(c) 2.5D synthesis with D(r0)
<latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit>

Conversion
<latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit>

(b) Am
n for n+ |m| even

<latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ0
0

<latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit>

Ǎ�1
1

<latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit>

Ǎ1
1

<latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit>

Ǎ0
2

<latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit>

Ǎ�2
2

<latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit>

Ǎ2
2

<latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit>

Ǎ�3
3

<latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit>

Ǎ�1
3

<latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit>

Ǎ1
3

<latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit>

Ǎ3
3

<latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit>

rref<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

rref = 0
<latexit sha1_base64="9HHOFUhj+jz61oRnUMbNWtRQnZ0="></latexit>

Scheme of proposed method (without new formulations)

Previous method

J. Ahrens et al.

Previous method / 2

H. Chen et al.

S̊m(Rq) '
NX

n=|m|

Ǎm
n jn(kRq)P |m|

n (0)

<latexit sha1_base64="PaL9SPLeK22Ec+/XIBIJs67wc20="></latexit>

S̊m = U |m|Ǎ
even
m

<latexit sha1_base64="lvmD3hM2T5nNxXEjGmB0Afr8CcE="></latexit>

Ǎm
n

<latexit sha1_base64="LF+yDSO05b8miDJGyuK0c8fvX58="></latexit>

n+ |m|
<latexit sha1_base64="Rteshv2/SmX/aTXwoA9maovO1ro="></latexit>

Ǎ
even
m =

⇣
UT

|m|U |m|

⌘�1
UT

|m|S̊m
<latexit sha1_base64="6sjxXjHAO3LUdmyzLxEAyzfDZ2U="></latexit>

S(r,⇡/2,�) =
1X

n=0

nX

m=�n

Ǎm
n jn(kr)P |m|

n (0)ejm�

<latexit sha1_base64="VBz1bhCrjSvxdbtPb00Jp/59+ng="></latexit>

n+ |m|
<latexit sha1_base64="rAFSnnRQbn5srwkFD3P6vzWheeY="></latexit>

for oddP |m|
n (0) = 0

<latexit sha1_base64="wrN+y8TLyJA5G60vr1RrDdu/N1Y="></latexit>

F

(a) recording S(r,⇡/2,�)
<latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit><latexit sha1_base64="ZBaPq56in3VJal6g+UtGvaq7eXU="></latexit>

Estimation
<latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit><latexit sha1_base64="XRMgqSyauROpNi/jKmh6GVf/8Ng="></latexit>

Ǎ�1
1

<latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit>

Ǎ�1
3

<latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit>

Ǎ1
1

<latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit>

Ǎ1
3

<latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ2
2

<latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ�2
2

<latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ3
3

<latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ�3
3

<latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ0
0

<latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit>

Ǎ0
2

<latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit>

(b) Am
n for n+ |m| even

<latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit>

S̊�2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊�1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

S̊�3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ǎm
n for n+ |m| even

<latexit sha1_base64="Kx6m5TFjy4ChjyabIgP7n1qKMZ8="></latexit>

A0
0

<latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit><latexit sha1_base64="CUyDfxkb64cXealgKbz2yhD2QHo="></latexit>

A�1
1<latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="1tqRKu4qqxHI8AQAeehg2wQidig="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="JGTZvvuK9Agn2lnxvL8ELb5MK8k="></latexit><latexit sha1_base64="U+muTAsnczf9EYIMYvZgHHT2zS4="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit><latexit sha1_base64="XDkNt+um+XWIGZ+5s3NnvPK1dVA="></latexit>

A1
1

<latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit><latexit sha1_base64="BgSXisrJSXyUcsUf+UrM/wtMYKg="></latexit>

A�2
2<latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit><latexit sha1_base64="WvKmkgXNprwj1wb38YO2rv8FcbI="></latexit>

A0
2

<latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit><latexit sha1_base64="7Q/NRX+yhIBORvHiNuvSJchEW9I="></latexit>

A2
2

<latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit><latexit sha1_base64="W0naRQKIBqKvGyri+cAx5wZgSPw="></latexit>

A�3
3<latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit><latexit sha1_base64="FuZNXb/bz1+3uy97jpTDtNwSmms="></latexit>

A�1
3<latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit><latexit sha1_base64="unlexERoBe2P87mQ10zBgBqy+c8="></latexit>

A1
3

<latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit><latexit sha1_base64="1vGpFIfX9A4MTeFVmBFfG0wdm2c="></latexit>

A3
3

<latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit><latexit sha1_base64="NGn4v2uA5eRjD94ptArJgewKBIM="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

(c) 2.5D synthesis with D(r0)
<latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit><latexit sha1_base64="4+PPGmsftDSr+89kP3iDJgP1RIA="></latexit>

Conversion
<latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit><latexit sha1_base64="yYp/+GkKYo3nz1Nx7f3u1anTDCI="></latexit>

(b) Am
n for n+ |m| even

<latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit><latexit sha1_base64="3wCrKPPcLV8nxOww8K9HkXTWpZQ="></latexit>

· · ·<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

· · ·
<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit> ··
·

<latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit><latexit sha1_base64="LkI1ID8vpBUegAiZ3D3P4NOAYks="></latexit>

Ǎ0
0

<latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit><latexit sha1_base64="pn4NCGzU2DCU9ftxCMc8j6IwzBQ="></latexit>

Ǎ�1
1<latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit><latexit sha1_base64="I5QyoAPu7bOapQKRXahXXhVYKPU="></latexit>

Ǎ1
1

<latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit><latexit sha1_base64="c0DCqb689dc2c/WoWT4IGKJmoV8="></latexit>

Ǎ0
2

<latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit><latexit sha1_base64="P0PUhEf0luYkobR96vrqgXlHp5g="></latexit>

Ǎ�2
2<latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit><latexit sha1_base64="2y1ZOspKeYoTDRJspGx4A3Dtsa0="></latexit>

Ǎ2
2

<latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit><latexit sha1_base64="xyceMv89pu0DoDNoxhxrgUmImtw="></latexit>

Ǎ�3
3<latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit><latexit sha1_base64="sfZdRFWqXqqMjp+l38ZaLu4IO3w="></latexit>

Ǎ�1
3<latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit><latexit sha1_base64="trZvYH9av1a+AdfpQZqsYK1qSz4="></latexit>

Ǎ1
3

<latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit><latexit sha1_base64="QKmNStjh4HAAHLIT86FfC2UUe/k="></latexit>

Ǎ3
3

<latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit><latexit sha1_base64="0iPveyve4OzrPppm6DdbHgQzvi8="></latexit>

 1

rref<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ǎm
n

<latexit sha1_base64="oVmtdn8pv7QgvPl7nG1hCMjLEMI="></latexit>

Ǎm
n

<latexit sha1_base64="oVmtdn8pv7QgvPl7nG1hCMjLEMI="></latexit>

n+ |m|
<latexit sha1_base64="iejH9fBYwWFs3B4SI4Z5zGVd/q8="></latexit>

n+ |m|
<latexit sha1_base64="iejH9fBYwWFs3B4SI4Z5zGVd/q8="></latexit>

S̊m(r) =
1

2⇡

Z 2⇡

0
S(r,⇡/2,�)e�jm�d�

<latexit sha1_base64="EMBCgaqzeytGxuXD+5ny/oQ4hxc="></latexit>

�1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�4
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

4
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

4
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

n
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>N

<latexit sha1_base64="EAMtQZjxIfowJmvc/P6zYhH7hj4="></latexit>

Rq
<latexit sha1_base64="hEDaJwXvG9oPQ2JNox4Ml/zeSYI="></latexit>

P |m|
n (0)

<latexit sha1_base64="RvvnjNKhYLKJT04SefW9u7nSJTw="></latexit>
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d�dr

<latexit sha1_base64="ba1dY7nqKyF5IbpEthH3SPHuI/k="></latexit>

r  0.2 m
<latexit sha1_base64="Ij+jAY36GVGFTfBwRnKSbjfOKJA="></latexit>


