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Introduction

Regular source location

Source location
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3D seismic acquisition 
= 5D seismic data 

(t,sx,sy,rx,ry)

1 CRG is a 3D cube

• Toy example
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Regular source location

Source location

1 CRG is a 3D cube

3D Simultaneous-
source acquisition 

(BF=2)

= 5D seismic data 
(t,sx,sy,rx,ry)

• Conventional acquisition: 10 days
• Blending acquisition (BF=2): 

≈ 5 days



3D seismic acquisition 
= 5D seismic data 

(t,sx,sy,rx,ry)

Introduction

Source location

1 CRG is a 3D cube

Irregular source location

• Conventional acquisition: 10 days
• Blending acquisition (BF=2): 

≈ 5 days
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Irregular without decimation



3D seismic acquisition 
= 5D seismic data 

(t,sx,sy,rx,ry)

Introduction
Source location

1 CRG is a 3D cube

Irregular source location

Dec = 50% decimation
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Introduction

Irregular source location

Dec = 50% decimation

T_obs= T_conv
!"

*(1-Dec)

Source 2Source 1 Source location

• Conventional acquisition: 10 days
• Blending acquisition (BF=2): 

≈ 5 days （Time compression）
• Compressive blending acquisition 

(dec=50%): ≈ 2.5 days          
(Spatial compression)

1 CRG is a 3D cube
3D Simultaneous-
source acquisition 

(BF=2)
+ 50% shot number 

decimation
= 5D seismic data 

(t,sx,sy,rx,ry)
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Regular source location

Irregular source location

Source 2Source 1 Source location

1 CRG is a 3D cube

• Conventional acquisition: 10 days
• Blending acquisition (BF=2): 

≈ 5 days （Time compression）
• Compressive blending acquisition 

(dec=50%): ≈ 2.5 days          
(Spatial compression)

Dec = 50% decimation

T_obs= T_conv
!"

*(1-Dec)

3D Simultaneous-
source acquisition 

(BF=2)
+ 50% shot number 

decimation
= 5D seismic data 

(t,sx,sy,rx,ry)
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Deblending + Irregular Reconstruction
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Projected Gradient Descent Method

11

W : regular ! irregular
<latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit>

W⇤ : irregular ! regular
<latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit>

• Sinc-Kaiser interpolator 

<latexit sha1_base64="K4nWUJMbuichLpJ7cFJJyjxcv2g="></latexit>

Wk(t) = sinc(⇡t)
I0

⇣
a
p
1� (t/(N + 1))2

⌘

I0(a)

• MSSA with binning

• I-MSSA
<latexit sha1_base64="NtEPVzQZYp7kowt4eHmOB9ZR7uk="></latexit>

J = kb� BWDk22 s.t. rank(D)  k

<latexit sha1_base64="4P1rV7OvmQIhpm2zxBaD+kNiCW0="></latexit>

J = kb� BT Dk22 s.t. rank(D)  k
<latexit sha1_base64="kHjIv/ss5kQEJ2PiExR76yQhlRM="></latexit>

Tij =

(
1 if one trace is assigned to grid point (i, j)

0 if grid point (i, j) is empty



Projected Gradient Descent Method

Projection operator =Multichannel Singular Spectrum Analysis (MSSA) 12

(a) (b) x

y

x

y
<latexit sha1_base64="0XEKFT6t/F/JTNab0ElcPrYBnrg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDDZCBSlJF+qy4MZlBfuAJoTJdNKOmTyYmRRLCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+/xEkaFNM1vrbSyura+Ud6sbG3v7O7p+wcdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vWC66nfHRMuaBzdyUlCnBANI+pTjKSSXP3IMOwxwZn9QHM3qwUuPYeBe3+WG4arV826OQNcJlZBqqBAy9W/7EGM05BEEjMkRN8yE+lkiEuKGckrdipIgnCAhqSvaIRCIpxs9kMOT5UygH7MVUUSztTfExkKhZiEnuoMkRyJRW8q/uf1U+lfORmNklSSCM8X+SmDMobTQOCAcoIlmyiCMKfqVohHiCMsVWwVFYK1+PIy6TTq1kW9cduoNmtFHGVwDE5ADVjgEjTBDWiBNsDgETyDV/CmPWkv2rv2MW8tacXMIfgD7fMH7LKWVA==</latexit>

~⇠(ki,kj)

<latexit sha1_base64="uyTOYhso2sFftIjBLHH204F/z1M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsBG6Kkksbd0V3LisYB/QlDKZ3rRDJw9mJoUS+iduXCji1j9x5984aSuo6IELh3Pu5d57/IQzqWz7w9jY3Nre2S3sFfcPDo+OzZPTjoxTQaFNYx6Lnk8kcBZBWzHFoZcIIKHPoetPb3K/OwMhWRzdq3kCg5CMIxYwSpSWhqZpWd4MaOaBIoshs6yhWbIr142aW61hu2Lbdcd1cuLWq1dV7GglRwmt0Rqa794opmkIkaKcSNl37EQNMiIUoxwWRS+VkBA6JWPoaxqREOQgW16+wJdaGeEgFroihZfq94mMhFLOQ193hkRN5G8vF//y+qkKGoOMRUmqIKKrRUHKsYpxHgMeMQFU8bkmhAqmb8V0QgShSodV1CF8fYr/Jx234tQq7p1bapbXcRTQObpAZeSgOmqiW9RCbUTRDD2gJ/RsZMaj8WK8rlo3jPXMGfoB4+0Tq/6S+A==</latexit>

~⌘i
<latexit sha1_base64="uyTOYhso2sFftIjBLHH204F/z1M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsBG6Kkksbd0V3LisYB/QlDKZ3rRDJw9mJoUS+iduXCji1j9x5984aSuo6IELh3Pu5d57/IQzqWz7w9jY3Nre2S3sFfcPDo+OzZPTjoxTQaFNYx6Lnk8kcBZBWzHFoZcIIKHPoetPb3K/OwMhWRzdq3kCg5CMIxYwSpSWhqZpWd4MaOaBIoshs6yhWbIr142aW61hu2Lbdcd1cuLWq1dV7GglRwmt0Rqa794opmkIkaKcSNl37EQNMiIUoxwWRS+VkBA6JWPoaxqREOQgW16+wJdaGeEgFroihZfq94mMhFLOQ193hkRN5G8vF//y+qkKGoOMRUmqIKKrRUHKsYpxHgMeMQFU8bkmhAqmb8V0QgShSodV1CF8fYr/Jx234tQq7p1bapbXcRTQObpAZeSgOmqiW9RCbUTRDD2gJ/RsZMaj8WK8rlo3jPXMGfoB4+0Tq/6S+A==</latexit>

~⌘i

<latexit sha1_base64="0XEKFT6t/F/JTNab0ElcPrYBnrg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDDZCBSlJF+qy4MZlBfuAJoTJdNKOmTyYmRRLCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+/xEkaFNM1vrbSyura+Ud6sbG3v7O7p+wcdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vWC66nfHRMuaBzdyUlCnBANI+pTjKSSXP3IMOwxwZn9QHM3qwUuPYeBe3+WG4arV826OQNcJlZBqqBAy9W/7EGM05BEEjMkRN8yE+lkiEuKGckrdipIgnCAhqSvaIRCIpxs9kMOT5UygH7MVUUSztTfExkKhZiEnuoMkRyJRW8q/uf1U+lfORmNklSSCM8X+SmDMobTQOCAcoIlmyiCMKfqVohHiCMsVWwVFYK1+PIy6TTq1kW9cduoNmtFHGVwDE5ADVjgEjTBDWiBNsDgETyDV/CmPWkv2rv2MW8tacXMIfgD7fMH7LKWVA==</latexit>

~⇠(ki,kj)

<latexit sha1_base64="73tu/8+zB0QX1ieQDH2BdsjhWH0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBhuhopSkC3VZcOOygn1AE8JkOmnHTB7MTIolZOfGX3HjQhG3/oI7/8ZpzUJbD1w4nHMv997jJYwKaZpfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3PCQIoxFpSyoZ6SWcoNBjpOsFV1O/OyZc0Di6lZOEOCEaRtSnGEklufqhYdhjgjP7nuZuVgtcegYDN7s7tfKT3DBcvWrWzRngIrEKUgUFWq7+aQ9inIYkkpghIfqWmUgnQ1xSzEhesVNBEoQDNCR9RSMUEuFksz9yeKyUAfRjriqScKb+nshQKMQk9FRniORIzHtT8T+vn0r/0slolKSSRPhnkZ8yKGM4DQUOKCdYsokiCHOqboV4hDjCUkVXUSFY8y8vkk6jbp3XGzeNarNWxFEGB+AI1IAFLkATXIMWaAMMHsATeAGv2qP2rL1p7z+tJa2Y2Qd/oH18A6uYl9A=</latexit>

~⇠(ki,kj+1)

<latexit sha1_base64="xEQlY80OSdoxfLmZhhJX6QBAZ3c=">AAACB3icbVDLSsNAFJ3UV62vqEtBBhuhgpakC3VZcOOygn1AE8JkOmnHTB7MTIolZOfGX3HjQhG3/oI7/8ZpzUJbD1w4nHMv997jJYwKaZpfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3PCQIoxFpSyoZ6SWcoNBjpOsFV1O/OyZc0Di6lZOEOCEaRtSnGEklufqhYdhjgjP7nuZuVgtcegoDN7s7s/KT3DBcvWrWzRngIrEKUgUFWq7+aQ9inIYkkpghIfqWmUgnQ1xSzEhesVNBEoQDNCR9RSMUEuFksz9yeKyUAfRjriqScKb+nshQKMQk9FRniORIzHtT8T+vn0r/0slolKSSRPhnkZ8yKGM4DQUOKCdYsokiCHOqboV4hDjCUkVXUSFY8y8vkk6jbp3XGzeNarNWxFEGB+AI1IAFLkATXIMWaAMMHsATeAGv2qP2rL1p7z+tJa2Y2Qd/oH18A66sl9I=</latexit>

~⇠(ki,kj�1)

<latexit sha1_base64="fq5Xyr77xwhfJ+Gs2srGMNfnyxU=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQmqpAMwVmJhLBK9SE0UOa7TmjpOZDsVVZSdhVdhYQAhVl6AjbfBvQxA+SVLn/5zjo7PHySMSmXbX0ZhZXVtfaO4Wdra3tndM/cP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRlfTemdMhKQxv1WThHgRGnAaUoyUtnyzbFnumODMvae5n1VHfkbPnPwUarjTcJJblm9W7Jo9E1wGZwEVsFDTNz/dfozTiHCFGZKy59iJ8jIkFMWM5CU3lSRBeIQGpKeRo4hIL5vdksNj7fRhGAv9uIIz9+dEhiIpJ1GgOyOkhvJvbWr+V+ulKrz0MsqTVBGO54vClEEVw2kwsE8FwYpNNCAsqP4rxEMkEFY6vpIOwfl78jK06zXnvFa/qVca1UUcRXAEyqAKHHABGuAaNEELYPAAnsALeDUejWfjzXiftxaMxcwh+CXj4xt2zZlQ</latexit>

~⇠(ki�1,kj�1)

<latexit sha1_base64="BKoN4dMpd30x7cUX38ePyiB2HqQ=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQFV0gEYK7EwFolepCaKHNdpTZ2LbKeiirKz8CosDCDEyguw8Ta4bQZo+SVLn/5zjo7P78WMCmma31phZXVtfaO4Wdra3tnd0/cP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjja6n9c6YcEGj8E5OYuIEaBBSn2IkleXqZcOwxwSn9gPN3LQ6clN6bmVnUMH9qZWdZIbh6hWzZs4El8HKoQJyNV39y+5HOAlIKDFDQvQsM5ZOirikmJGsZCeCxAiP0ID0FIYoIMJJZ7dk8Fg5fehHXL1Qwpn7eyJFgRCTwFOdAZJDsVibmv/Veon0r5yUhnEiSYjni/yEQRnBaTCwTznBkk0UIMyp+ivEQ8QRliq+kgrBWjx5Gdr1mnVRq9/WK41qHkcRHIEyqAILXIIGuAFN0AIYPIJn8AretCftRXvXPuatBS2fOQR/pH3+AHO5mU4=</latexit>

~⇠(ki�1,kj+1)

<latexit sha1_base64="jUJTIf1CalaUtLBy0dEuUeAxc8Q=">AAACCXicbZC7TsMwFIadcivlFmBksWiQigRV0gEYK7EwFolepCaKHNdpTR0nsp2KKsrKwquwMIAQK2/AxtvgXgZo+SVLn/5zjo7PHySMSmXb30ZhZXVtfaO4Wdra3tndM/cPWjJOBSZNHLNYdAIkCaOcNBVVjHQSQVAUMNIOhteTentEhKQxv1PjhHgR6nMaUoyUtnwTWpY7IjhzH2juZ5Whn9FzJz+DGu7z09yyfLNsV+2p4DI4cyiDuRq++eX2YpxGhCvMkJRdx06UlyGhKGYkL7mpJAnCQ9QnXY0cRUR62fSSHJ5opwfDWOjHFZy6vycyFEk5jgLdGSE1kIu1iflfrZuq8MrLKE9SRTieLQpTBlUMJ7HAHhUEKzbWgLCg+q8QD5BAWOnwSjoEZ/HkZWjVqs5FtXZbK9cr8ziK4AgcgwpwwCWogxvQAE2AwSN4Bq/gzXgyXox342PWWjDmM4fgj4zPH4iFmN4=</latexit>

~⇠(ki�1,kj)

<latexit sha1_base64="j3JkRNcxudqVk7AFt2LbruJDDRk=">AAACCXicbZC7TsMwFIadcivlFmBksWiQikBV0gEYK7EwFolepCaKHNdpTR0nsp2KKsrKwquwMIAQK2/AxtvgXgZo+SVLn/5zjo7PHySMSmXb30ZhZXVtfaO4Wdra3tndM/cPWjJOBSZNHLNYdAIkCaOcNBVVjHQSQVAUMNIOhteTentEhKQxv1PjhHgR6nMaUoyUtnwTWpY7IjhzH2juZ5Whn9EzJz+HGu7z09yyfLNsV+2p4DI4cyiDuRq++eX2YpxGhCvMkJRdx06UlyGhKGYkL7mpJAnCQ9QnXY0cRUR62fSSHJ5opwfDWOjHFZy6vycyFEk5jgLdGSE1kIu1iflfrZuq8MrLKE9SRTieLQpTBlUMJ7HAHhUEKzbWgLCg+q8QD5BAWOnwSjoEZ/HkZWjVqs5FtXZbK9cr8ziK4AgcgwpwwCWogxvQAE2AwSN4Bq/gzXgyXox342PWWjDmM4fgj4zPH4VjmNw=</latexit>

~⇠(ki+1,kj)

<latexit sha1_base64="iseqPlKlUVA/WjVpUmR6Ketkzkc=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQFV0gEYK7EwFolepCaKHNdpTZ2LbKeiirKz8CosDCDEyguw8Ta4bQZo+SVLn/5zjo7P78WMCmma31phZXVtfaO4Wdra3tnd0/cP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjja6n9c6YcEGj8E5OYuIEaBBSn2IkleXqZcOwxwSn9gPN3LQ6clN6amVnUMH9uZWdZIbh6hWzZs4El8HKoQJyNV39y+5HOAlIKDFDQvQsM5ZOirikmJGsZCeCxAiP0ID0FIYoIMJJZ7dk8Fg5fehHXL1Qwpn7eyJFgRCTwFOdAZJDsVibmv/Veon0r5yUhnEiSYjni/yEQRnBaTCwTznBkk0UIMyp+ivEQ8QRliq+kgrBWjx5Gdr1mnVRq9/WK41qHkcRHIEyqAILXIIGuAFN0AIYPIJn8AretCftRXvXPuatBS2fOQR/pH3+AHOnmU4=</latexit>

~⇠(ki+1,kj�1)

<latexit sha1_base64="6A53i9YRw0yDV1MeFoAVzuBeLN8=">AAACC3icbZC7TsMwFIadcivlFmBksdogFYGqpAMwVmJhLBK9SE0UOa7TmjpOZDsVVZSdhVdhYQAhVl6AjbfBvQxA+SVLn/5zjo7PHySMSmXbX0ZhZXVtfaO4Wdra3tndM/cP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRlfTemdMhKQxv1WThHgRGnAaUoyUtnyzbFnumODMvae5n1VHfkZPnfwMarjTcJJblm9W7Jo9E1wGZwEVsFDTNz/dfozTiHCFGZKy59iJ8jIkFMWM5CU3lSRBeIQGpKeRo4hIL5vdksNj7fRhGAv9uIIz9+dEhiIpJ1GgOyOkhvJvbWr+V+ulKrz0MsqTVBGO54vClEEVw2kwsE8FwYpNNCAsqP4rxEMkEFY6vpIOwfl78jK06zXnvFa/qVca1UUcRXAEyqAKHHABGuAaNEELYPAAnsALeDUejWfjzXiftxaMxcwh+CXj4xtwk5lM</latexit>

~⇠(ki+1,kj+1)

• MSSA with binning

(a) (b) x

y

x

y
<latexit sha1_base64="0XEKFT6t/F/JTNab0ElcPrYBnrg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDDZCBSlJF+qy4MZlBfuAJoTJdNKOmTyYmRRLCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+/xEkaFNM1vrbSyura+Ud6sbG3v7O7p+wcdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vWC66nfHRMuaBzdyUlCnBANI+pTjKSSXP3IMOwxwZn9QHM3qwUuPYeBe3+WG4arV826OQNcJlZBqqBAy9W/7EGM05BEEjMkRN8yE+lkiEuKGckrdipIgnCAhqSvaIRCIpxs9kMOT5UygH7MVUUSztTfExkKhZiEnuoMkRyJRW8q/uf1U+lfORmNklSSCM8X+SmDMobTQOCAcoIlmyiCMKfqVohHiCMsVWwVFYK1+PIy6TTq1kW9cduoNmtFHGVwDE5ADVjgEjTBDWiBNsDgETyDV/CmPWkv2rv2MW8tacXMIfgD7fMH7LKWVA==</latexit>

~⇠(ki,kj)

<latexit sha1_base64="uyTOYhso2sFftIjBLHH204F/z1M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsBG6Kkksbd0V3LisYB/QlDKZ3rRDJw9mJoUS+iduXCji1j9x5984aSuo6IELh3Pu5d57/IQzqWz7w9jY3Nre2S3sFfcPDo+OzZPTjoxTQaFNYx6Lnk8kcBZBWzHFoZcIIKHPoetPb3K/OwMhWRzdq3kCg5CMIxYwSpSWhqZpWd4MaOaBIoshs6yhWbIr142aW61hu2Lbdcd1cuLWq1dV7GglRwmt0Rqa794opmkIkaKcSNl37EQNMiIUoxwWRS+VkBA6JWPoaxqREOQgW16+wJdaGeEgFroihZfq94mMhFLOQ193hkRN5G8vF//y+qkKGoOMRUmqIKKrRUHKsYpxHgMeMQFU8bkmhAqmb8V0QgShSodV1CF8fYr/Jx234tQq7p1bapbXcRTQObpAZeSgOmqiW9RCbUTRDD2gJ/RsZMaj8WK8rlo3jPXMGfoB4+0Tq/6S+A==</latexit>

~⌘i
<latexit sha1_base64="uyTOYhso2sFftIjBLHH204F/z1M=">AAAB+XicdVDLSsNAFJ34rPUVdelmsBG6Kkksbd0V3LisYB/QlDKZ3rRDJw9mJoUS+iduXCji1j9x5984aSuo6IELh3Pu5d57/IQzqWz7w9jY3Nre2S3sFfcPDo+OzZPTjoxTQaFNYx6Lnk8kcBZBWzHFoZcIIKHPoetPb3K/OwMhWRzdq3kCg5CMIxYwSpSWhqZpWd4MaOaBIoshs6yhWbIr142aW61hu2Lbdcd1cuLWq1dV7GglRwmt0Rqa794opmkIkaKcSNl37EQNMiIUoxwWRS+VkBA6JWPoaxqREOQgW16+wJdaGeEgFroihZfq94mMhFLOQ193hkRN5G8vF//y+qkKGoOMRUmqIKKrRUHKsYpxHgMeMQFU8bkmhAqmb8V0QgShSodV1CF8fYr/Jx234tQq7p1bapbXcRTQObpAZeSgOmqiW9RCbUTRDD2gJ/RsZMaj8WK8rlo3jPXMGfoB4+0Tq/6S+A==</latexit>

~⌘i

<latexit sha1_base64="0XEKFT6t/F/JTNab0ElcPrYBnrg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDDZCBSlJF+qy4MZlBfuAJoTJdNKOmTyYmRRLCLjxV9y4UMStP+HOv3HaZqGtBy4czrmXe+/xEkaFNM1vrbSyura+Ud6sbG3v7O7p+wcdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vWC66nfHRMuaBzdyUlCnBANI+pTjKSSXP3IMOwxwZn9QHM3qwUuPYeBe3+WG4arV826OQNcJlZBqqBAy9W/7EGM05BEEjMkRN8yE+lkiEuKGckrdipIgnCAhqSvaIRCIpxs9kMOT5UygH7MVUUSztTfExkKhZiEnuoMkRyJRW8q/uf1U+lfORmNklSSCM8X+SmDMobTQOCAcoIlmyiCMKfqVohHiCMsVWwVFYK1+PIy6TTq1kW9cduoNmtFHGVwDE5ADVjgEjTBDWiBNsDgETyDV/CmPWkv2rv2MW8tacXMIfgD7fMH7LKWVA==</latexit>

~⇠(ki,kj)

<latexit sha1_base64="73tu/8+zB0QX1ieQDH2BdsjhWH0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBhuhopSkC3VZcOOygn1AE8JkOmnHTB7MTIolZOfGX3HjQhG3/oI7/8ZpzUJbD1w4nHMv997jJYwKaZpfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3PCQIoxFpSyoZ6SWcoNBjpOsFV1O/OyZc0Di6lZOEOCEaRtSnGEklufqhYdhjgjP7nuZuVgtcegYDN7s7tfKT3DBcvWrWzRngIrEKUgUFWq7+aQ9inIYkkpghIfqWmUgnQ1xSzEhesVNBEoQDNCR9RSMUEuFksz9yeKyUAfRjriqScKb+nshQKMQk9FRniORIzHtT8T+vn0r/0slolKSSRPhnkZ8yKGM4DQUOKCdYsokiCHOqboV4hDjCUkVXUSFY8y8vkk6jbp3XGzeNarNWxFEGB+AI1IAFLkATXIMWaAMMHsATeAGv2qP2rL1p7z+tJa2Y2Qd/oH18A6uYl9A=</latexit>

~⇠(ki,kj+1)

<latexit sha1_base64="xEQlY80OSdoxfLmZhhJX6QBAZ3c=">AAACB3icbVDLSsNAFJ3UV62vqEtBBhuhgpakC3VZcOOygn1AE8JkOmnHTB7MTIolZOfGX3HjQhG3/oI7/8ZpzUJbD1w4nHMv997jJYwKaZpfWmlpeWV1rbxe2djc2t7Rd/c6Ik45Jm0cs5j3PCQIoxFpSyoZ6SWcoNBjpOsFV1O/OyZc0Di6lZOEOCEaRtSnGEklufqhYdhjgjP7nuZuVgtcegoDN7s7s/KT3DBcvWrWzRngIrEKUgUFWq7+aQ9inIYkkpghIfqWmUgnQ1xSzEhesVNBEoQDNCR9RSMUEuFksz9yeKyUAfRjriqScKb+nshQKMQk9FRniORIzHtT8T+vn0r/0slolKSSRPhnkZ8yKGM4DQUOKCdYsokiCHOqboV4hDjCUkVXUSFY8y8vkk6jbp3XGzeNarNWxFEGB+AI1IAFLkATXIMWaAMMHsATeAGv2qP2rL1p7z+tJa2Y2Qd/oH18A66sl9I=</latexit>

~⇠(ki,kj�1)

<latexit sha1_base64="fq5Xyr77xwhfJ+Gs2srGMNfnyxU=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQmqpAMwVmJhLBK9SE0UOa7TmjpOZDsVVZSdhVdhYQAhVl6AjbfBvQxA+SVLn/5zjo7PHySMSmXbX0ZhZXVtfaO4Wdra3tndM/cP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRlfTemdMhKQxv1WThHgRGnAaUoyUtnyzbFnumODMvae5n1VHfkbPnPwUarjTcJJblm9W7Jo9E1wGZwEVsFDTNz/dfozTiHCFGZKy59iJ8jIkFMWM5CU3lSRBeIQGpKeRo4hIL5vdksNj7fRhGAv9uIIz9+dEhiIpJ1GgOyOkhvJvbWr+V+ulKrz0MsqTVBGO54vClEEVw2kwsE8FwYpNNCAsqP4rxEMkEFY6vpIOwfl78jK06zXnvFa/qVca1UUcRXAEyqAKHHABGuAaNEELYPAAnsALeDUejWfjzXiftxaMxcwh+CXj4xt2zZlQ</latexit>

~⇠(ki�1,kj�1)

<latexit sha1_base64="BKoN4dMpd30x7cUX38ePyiB2HqQ=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQFV0gEYK7EwFolepCaKHNdpTZ2LbKeiirKz8CosDCDEyguw8Ta4bQZo+SVLn/5zjo7P78WMCmma31phZXVtfaO4Wdra3tnd0/cP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjja6n9c6YcEGj8E5OYuIEaBBSn2IkleXqZcOwxwSn9gPN3LQ6clN6bmVnUMH9qZWdZIbh6hWzZs4El8HKoQJyNV39y+5HOAlIKDFDQvQsM5ZOirikmJGsZCeCxAiP0ID0FIYoIMJJZ7dk8Fg5fehHXL1Qwpn7eyJFgRCTwFOdAZJDsVibmv/Veon0r5yUhnEiSYjni/yEQRnBaTCwTznBkk0UIMyp+ivEQ8QRliq+kgrBWjx5Gdr1mnVRq9/WK41qHkcRHIEyqAILXIIGuAFN0AIYPIJn8AretCftRXvXPuatBS2fOQR/pH3+AHO5mU4=</latexit>

~⇠(ki�1,kj+1)

<latexit sha1_base64="jUJTIf1CalaUtLBy0dEuUeAxc8Q=">AAACCXicbZC7TsMwFIadcivlFmBksWiQigRV0gEYK7EwFolepCaKHNdpTR0nsp2KKsrKwquwMIAQK2/AxtvgXgZo+SVLn/5zjo7PHySMSmXb30ZhZXVtfaO4Wdra3tndM/cPWjJOBSZNHLNYdAIkCaOcNBVVjHQSQVAUMNIOhteTentEhKQxv1PjhHgR6nMaUoyUtnwTWpY7IjhzH2juZ5Whn9FzJz+DGu7z09yyfLNsV+2p4DI4cyiDuRq++eX2YpxGhCvMkJRdx06UlyGhKGYkL7mpJAnCQ9QnXY0cRUR62fSSHJ5opwfDWOjHFZy6vycyFEk5jgLdGSE1kIu1iflfrZuq8MrLKE9SRTieLQpTBlUMJ7HAHhUEKzbWgLCg+q8QD5BAWOnwSjoEZ/HkZWjVqs5FtXZbK9cr8ziK4AgcgwpwwCWogxvQAE2AwSN4Bq/gzXgyXox342PWWjDmM4fgj4zPH4iFmN4=</latexit>

~⇠(ki�1,kj)

<latexit sha1_base64="j3JkRNcxudqVk7AFt2LbruJDDRk=">AAACCXicbZC7TsMwFIadcivlFmBksWiQikBV0gEYK7EwFolepCaKHNdpTR0nsp2KKsrKwquwMIAQK2/AxtvgXgZo+SVLn/5zjo7PHySMSmXb30ZhZXVtfaO4Wdra3tndM/cPWjJOBSZNHLNYdAIkCaOcNBVVjHQSQVAUMNIOhteTentEhKQxv1PjhHgR6nMaUoyUtnwTWpY7IjhzH2juZ5Whn9EzJz+HGu7z09yyfLNsV+2p4DI4cyiDuRq++eX2YpxGhCvMkJRdx06UlyGhKGYkL7mpJAnCQ9QnXY0cRUR62fSSHJ5opwfDWOjHFZy6vycyFEk5jgLdGSE1kIu1iflfrZuq8MrLKE9SRTieLQpTBlUMJ7HAHhUEKzbWgLCg+q8QD5BAWOnwSjoEZ/HkZWjVqs5FtXZbK9cr8ziK4AgcgwpwwCWogxvQAE2AwSN4Bq/gzXgyXox342PWWjDmM4fgj4zPH4VjmNw=</latexit>

~⇠(ki+1,kj)

<latexit sha1_base64="iseqPlKlUVA/WjVpUmR6Ketkzkc=">AAACC3icbZC7TsMwFIadcivlFmBksdogFQFV0gEYK7EwFolepCaKHNdpTZ2LbKeiirKz8CosDCDEyguw8Ta4bQZo+SVLn/5zjo7P78WMCmma31phZXVtfaO4Wdra3tnd0/cP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjja6n9c6YcEGj8E5OYuIEaBBSn2IkleXqZcOwxwSn9gPN3LQ6clN6amVnUMH9uZWdZIbh6hWzZs4El8HKoQJyNV39y+5HOAlIKDFDQvQsM5ZOirikmJGsZCeCxAiP0ID0FIYoIMJJZ7dk8Fg5fehHXL1Qwpn7eyJFgRCTwFOdAZJDsVibmv/Veon0r5yUhnEiSYjni/yEQRnBaTCwTznBkk0UIMyp+ivEQ8QRliq+kgrBWjx5Gdr1mnVRq9/WK41qHkcRHIEyqAILXIIGuAFN0AIYPIJn8AretCftRXvXPuatBS2fOQR/pH3+AHOnmU4=</latexit>

~⇠(ki+1,kj�1)

<latexit sha1_base64="6A53i9YRw0yDV1MeFoAVzuBeLN8=">AAACC3icbZC7TsMwFIadcivlFmBksdogFYGqpAMwVmJhLBK9SE0UOa7TmjpOZDsVVZSdhVdhYQAhVl6AjbfBvQxA+SVLn/5zjo7PHySMSmXbX0ZhZXVtfaO4Wdra3tndM/cP2jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRlfTemdMhKQxv1WThHgRGnAaUoyUtnyzbFnumODMvae5n1VHfkZPnfwMarjTcJJblm9W7Jo9E1wGZwEVsFDTNz/dfozTiHCFGZKy59iJ8jIkFMWM5CU3lSRBeIQGpKeRo4hIL5vdksNj7fRhGAv9uIIz9+dEhiIpJ1GgOyOkhvJvbWr+V+ulKrz0MsqTVBGO54vClEEVw2kwsE8FwYpNNCAsqP4rxEMkEFY6vpIOwfl78jK06zXnvFa/qVca1UUcRXAEyqAKHHABGuAaNEELYPAAnsALeDUejWfjzXiftxaMxcwh+CXj4xtwk5lM</latexit>

~⇠(ki+1,kj+1)

• I-MSSA

<latexit sha1_base64="cntw8Vt1UgXF4uq2+E+ccNB/hwY="></latexit>

D⌫ = P[D⌫�1 � �T ⇤B⇤(BT D⌫�1 � b)]
<latexit sha1_base64="fC4cWsUrbKEB/4u+FtYt2ZRzeVU="></latexit>

D⌫ = P[D⌫�1 � �W⇤B⇤(BWD⌫�1 � b)]

Sinc-Kaiser interpolator Sampling operator



Blending noise only

Blending noise (BF=2) + 50% decimation 
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Irregular with decimation
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Blending noise (BF=2) + 50% decimation 

MSSA + Binning
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Blending noise (BF=2) + 50% decimation 

I-MSSA
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Blending noise (BF=2) + 50% decimation 
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Blending noise (BF=2) + 50% decimation 
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MSSA + Binning



Blending noise (BF=2) + 50% decimation 
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Blending noise (BF=2) + 50% decimation 

50% decimation
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Blending noise (BF=2)

50 times random schemes 
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Gaussian Noise + Blending noise 

Gaussian Noise (SNR=1) + Blending noise (BF=2) + 50% decimation 



Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 

Clean regular data

10 20 30

20

40

60

80

100

120

140

160

180

200

Clean irregular data

10 20 30

20

40

60

80

100

120

140

160

180

200

Noisy irregular data

10 20 30

20

40

60

80

100

120

140

160

180

200

Observed noisy irregular + binning

10 20 30

20

40

60

80

100

120

140

160

180

200

Observed real noisy irregular

2 4 6 8

20

40

60

80

100

120

140

160

180

200

0 100 200 300 400 500 600
Source X coordinate

0

100

200

300

400

500

600

So
ur

ce
 Y

 c
oo

rd
in

at
e

Regular

0 100 200 300 400 500 600
Source X coordinate

0

100

200

300

400

500

600

So
ur

ce
 Y

 c
oo

rd
in

at
e

Irregular with decimation

0 100 200 300 400 500 600
Source X coordinate

0

100

200

300

400

500

600

So
ur

ce
 Y

 c
oo

rd
in

at
e

Irregular without decimation

0 100 200 300 400 500 600
Source X coordinate

0

100

200

300

400

500

600

So
ur

ce
 Y

 c
oo

rd
in

at
e

Irregular with decimation + binning

0 100 200 300 400 500 600
Source X coordinate

0

100

200

300

400

500

600

So
ur

ce
 Y

 c
oo

rd
in

at
e

Irregular without decimation



Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 

Synthetic example (Deblending + MSSA reconstruction)
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Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% decimation 

Synthetic example (Deblending + I-MSSA reconstruction)
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Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 
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Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 

Synthetic example (Deblending + I-MSSA reconstruction)
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Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 

Synthetic example (Deblending + MSSA reconstruction)
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Gaussian Noise (SNR=2) + Blending noise (BF=2) + 50% 
decimation 

Synthetic example (Deblending + I-MSSA reconstruction)
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Real Example (Deblending + Irregular Reconstruction)

32



Real Example (Deblending + Irregular Reconstruction)
• Coordinate distribution
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Projected Gradient Descent Method

34

W : regular ! irregular
<latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit><latexit sha1_base64="/U582xFpFQeD8rMrzMCFVbTOjck=">AAACGHicbVC7TsNAEDzzDOZloKQ5ESNRBTsNiCoSDWWQyENKrGh9OTunnB+6O4MiK/kLGn6FhgKEaNPxN1wSF5Aw0kqjmV3t7vgpZ1I5zrextr6xubVd2jF39/YPDq2j46ZMMkFogyQ8EW0fJOUspg3FFKftVFCIfE5b/vB25rceqZAsiR/UKKVeBGHMAkZAaalnXdq2mXcJcNwa30wmEyxomHEQXcHCgQIhkifMRCGatt2zyk7FmQOvErcgZVSg3rOm3X5CsojGinCQsuM6qfJyEIoRTsdmN5M0BTKEkHY0jSGi0svnj43xuVb6OEiErljhufp7IodIylHk684I1EAuezPxP6+TqeDay1mcZorGZLEoyDhWCZ6lhPtMUKL4SBMggulbMRmAAKJ0lqYOwV1+eZU0qxXXqbj31XKtWsRRQqfoDF0gF12hGrpDddRABD2jV/SOPowX4834NL4WrWtGMXOC/sCY/gCH7Z9m</latexit>

W⇤ : irregular ! regular
<latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit><latexit sha1_base64="gZvtzz2JL3Gn/tGqkbqDtZEbKLQ=">AAACGXicbVDLSsNAFJ3UV42vqks3g40gLkrSjeKq4MZlBfuANpab6SQdOnkwM1FKaD/Djb/ixoUiLnXl3zhts9DWAxcO59zLvfd4CWdS2fa3UVhZXVvfKG6aW9s7u3ul/YOmjFNBaIPEPBZtDyTlLKINxRSn7URQCD1OW97wauq37qmQLI5u1SihbghBxHxGQGmpV7Ity8y6BDhuje/OLicTzISgQcpBdAULBgqEiB9wLpmW1SuV7Yo9A14mTk7KKEe9V/rs9mOShjRShIOUHcdOlJuBUIxwOja7qaQJkCEEtKNpBCGVbjb7bIxPtNLHfix0RQrP1N8TGYRSjkJPd4agBnLRm4r/eZ1U+RduxqIkVTQi80V+yrGK8TQm3GeCEsVHmgARTN+KyQAEEKXDNHUIzuLLy6RZrTh2xbmplmvVPI4iOkLH6BQ56BzV0DWqowYi6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PrB8KUn3o=</latexit>

• Sinc-Kaiser interpolator 
L : Unpatch operator

<latexit sha1_base64="5+fAZ/atBkCvzIoOPWbImqwImJM=">AAACDHicbVC7SgNBFJ317fqKWtoMZgWrsJtGsQrYWFgomCgki9ydTMzg7Mwyc1cIS9Lb+Cs2ForY+gF2/o2TR6GJBwYO55zLnXuSTAqLYfjtzc0vLC4tr6z6a+sbm1ul7Z2G1blhvM601OYmAculULyOAiW/yQyHNJH8Ork/HfrXD9xYodUV9jIep3CnREcwQCfdlspB4BctBpKe908GgwGtqwyQdQc64wZQGz8IXCqshCPQWRJNSJlMcHFb+mq1NctTrpBJsLYZhRnGBRgUTPK+38otz4Ddwx1vOqog5TYuRsf06YFT2rSjjXsK6Uj9PVFAam0vTVwyBezaaW8o/uc1c+wcx4VQWY5csfGiTi4pajpshraF4QxlzxFgRri/UtYFAwxdf74rIZo+eZY0qpUorESX1XKtOqljheyRfXJIInJEauSMXJA6YeSRPJNX8uY9eS/eu/cxjs55k5ld8gfe5w/BvJoc</latexit><latexit sha1_base64="5+fAZ/atBkCvzIoOPWbImqwImJM=">AAACDHicbVC7SgNBFJ317fqKWtoMZgWrsJtGsQrYWFgomCgki9ydTMzg7Mwyc1cIS9Lb+Cs2ForY+gF2/o2TR6GJBwYO55zLnXuSTAqLYfjtzc0vLC4tr6z6a+sbm1ul7Z2G1blhvM601OYmAculULyOAiW/yQyHNJH8Ork/HfrXD9xYodUV9jIep3CnREcwQCfdlspB4BctBpKe908GgwGtqwyQdQc64wZQGz8IXCqshCPQWRJNSJlMcHFb+mq1NctTrpBJsLYZhRnGBRgUTPK+38otz4Ddwx1vOqog5TYuRsf06YFT2rSjjXsK6Uj9PVFAam0vTVwyBezaaW8o/uc1c+wcx4VQWY5csfGiTi4pajpshraF4QxlzxFgRri/UtYFAwxdf74rIZo+eZY0qpUorESX1XKtOqljheyRfXJIInJEauSMXJA6YeSRPJNX8uY9eS/eu/cxjs55k5ld8gfe5w/BvJoc</latexit><latexit sha1_base64="5+fAZ/atBkCvzIoOPWbImqwImJM=">AAACDHicbVC7SgNBFJ317fqKWtoMZgWrsJtGsQrYWFgomCgki9ydTMzg7Mwyc1cIS9Lb+Cs2ForY+gF2/o2TR6GJBwYO55zLnXuSTAqLYfjtzc0vLC4tr6z6a+sbm1ul7Z2G1blhvM601OYmAculULyOAiW/yQyHNJH8Ork/HfrXD9xYodUV9jIep3CnREcwQCfdlspB4BctBpKe908GgwGtqwyQdQc64wZQGz8IXCqshCPQWRJNSJlMcHFb+mq1NctTrpBJsLYZhRnGBRgUTPK+38otz4Ddwx1vOqog5TYuRsf06YFT2rSjjXsK6Uj9PVFAam0vTVwyBezaaW8o/uc1c+wcx4VQWY5csfGiTi4pajpshraF4QxlzxFgRri/UtYFAwxdf74rIZo+eZY0qpUorESX1XKtOqljheyRfXJIInJEauSMXJA6YeSRPJNX8uY9eS/eu/cxjs55k5ld8gfe5w/BvJoc</latexit><latexit sha1_base64="5+fAZ/atBkCvzIoOPWbImqwImJM=">AAACDHicbVC7SgNBFJ317fqKWtoMZgWrsJtGsQrYWFgomCgki9ydTMzg7Mwyc1cIS9Lb+Cs2ForY+gF2/o2TR6GJBwYO55zLnXuSTAqLYfjtzc0vLC4tr6z6a+sbm1ul7Z2G1blhvM601OYmAculULyOAiW/yQyHNJH8Ork/HfrXD9xYodUV9jIep3CnREcwQCfdlspB4BctBpKe908GgwGtqwyQdQc64wZQGz8IXCqshCPQWRJNSJlMcHFb+mq1NctTrpBJsLYZhRnGBRgUTPK+38otz4Ddwx1vOqog5TYuRsf06YFT2rSjjXsK6Uj9PVFAam0vTVwyBezaaW8o/uc1c+wcx4VQWY5csfGiTi4pajpshraF4QxlzxFgRri/UtYFAwxdf74rIZo+eZY0qpUorESX1XKtOqljheyRfXJIInJEauSMXJA6YeSRPJNX8uY9eS/eu/cxjs55k5ld8gfe5w/BvJoc</latexit>

L⇤ : Patch operator
<latexit sha1_base64="jA7kXXCt3Su94vl08Z8QzRmg0YI=">AAACDnicbVA9SwNBEN3z2/MrammzmATEItylUawCNhYWEYwRkhjmNhuzuHd77M4J4cj9ARv/io2FIrbWdv4bN8kVanww8Hhvhpl5QSyFQc/7cubmFxaXlldW3bX1jc2twvbOlVGJZrzBlFT6OgDDpYh4AwVKfh1rDmEgeTO4Ox37zXuujVDRJQ5j3gnhNhJ9wQCt1C2USyU3bTOQ9Hx0kx6OTrIso3VANshUzDWg0m6p1C0UvYo3AZ0lfk6KJEe9W/hs9xRLQh4hk2BMy/di7KSgUTDJR247MTwGdge3vGVpBCE3nXTyzoiWrdKjfaVtRUgn6s+JFEJjhmFgO0PAgfnrjcX/vFaC/eNOKqI4QR6x6aJ+IikqOs6G9oTmDOXQEmBa2FspG4AGhjZB14bg/315llxVK75X8S+qxVo1j2OF7JF9ckB8ckRq5IzUSYMw8kCeyAt5dR6dZ+fNeZ+2zjn5zC75BefjGxEsms0=</latexit><latexit sha1_base64="jA7kXXCt3Su94vl08Z8QzRmg0YI=">AAACDnicbVA9SwNBEN3z2/MrammzmATEItylUawCNhYWEYwRkhjmNhuzuHd77M4J4cj9ARv/io2FIrbWdv4bN8kVanww8Hhvhpl5QSyFQc/7cubmFxaXlldW3bX1jc2twvbOlVGJZrzBlFT6OgDDpYh4AwVKfh1rDmEgeTO4Ox37zXuujVDRJQ5j3gnhNhJ9wQCt1C2USyU3bTOQ9Hx0kx6OTrIso3VANshUzDWg0m6p1C0UvYo3AZ0lfk6KJEe9W/hs9xRLQh4hk2BMy/di7KSgUTDJR247MTwGdge3vGVpBCE3nXTyzoiWrdKjfaVtRUgn6s+JFEJjhmFgO0PAgfnrjcX/vFaC/eNOKqI4QR6x6aJ+IikqOs6G9oTmDOXQEmBa2FspG4AGhjZB14bg/315llxVK75X8S+qxVo1j2OF7JF9ckB8ckRq5IzUSYMw8kCeyAt5dR6dZ+fNeZ+2zjn5zC75BefjGxEsms0=</latexit><latexit sha1_base64="jA7kXXCt3Su94vl08Z8QzRmg0YI=">AAACDnicbVA9SwNBEN3z2/MrammzmATEItylUawCNhYWEYwRkhjmNhuzuHd77M4J4cj9ARv/io2FIrbWdv4bN8kVanww8Hhvhpl5QSyFQc/7cubmFxaXlldW3bX1jc2twvbOlVGJZrzBlFT6OgDDpYh4AwVKfh1rDmEgeTO4Ox37zXuujVDRJQ5j3gnhNhJ9wQCt1C2USyU3bTOQ9Hx0kx6OTrIso3VANshUzDWg0m6p1C0UvYo3AZ0lfk6KJEe9W/hs9xRLQh4hk2BMy/di7KSgUTDJR247MTwGdge3vGVpBCE3nXTyzoiWrdKjfaVtRUgn6s+JFEJjhmFgO0PAgfnrjcX/vFaC/eNOKqI4QR6x6aJ+IikqOs6G9oTmDOXQEmBa2FspG4AGhjZB14bg/315llxVK75X8S+qxVo1j2OF7JF9ckB8ckRq5IzUSYMw8kCeyAt5dR6dZ+fNeZ+2zjn5zC75BefjGxEsms0=</latexit><latexit sha1_base64="jA7kXXCt3Su94vl08Z8QzRmg0YI=">AAACDnicbVA9SwNBEN3z2/MrammzmATEItylUawCNhYWEYwRkhjmNhuzuHd77M4J4cj9ARv/io2FIrbWdv4bN8kVanww8Hhvhpl5QSyFQc/7cubmFxaXlldW3bX1jc2twvbOlVGJZrzBlFT6OgDDpYh4AwVKfh1rDmEgeTO4Ox37zXuujVDRJQ5j3gnhNhJ9wQCt1C2USyU3bTOQ9Hx0kx6OTrIso3VANshUzDWg0m6p1C0UvYo3AZ0lfk6KJEe9W/hs9xRLQh4hk2BMy/di7KSgUTDJR247MTwGdge3vGVpBCE3nXTyzoiWrdKjfaVtRUgn6s+JFEJjhmFgO0PAgfnrjcX/vFaC/eNOKqI4QR6x6aJ+IikqOs6G9oTmDOXQEmBa2FspG4AGhjZB14bg/315llxVK75X8S+qxVo1j2OF7JF9ckB8ckRq5IzUSYMw8kCeyAt5dR6dZ+fNeZ+2zjn5zC75BefjGxEsms0=</latexit>
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D⌫ = LPL⇤[D⌫�1 � �W⇤B⇤(BWD⌫�1 � b)]

Projection operator = MSSA
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Real Example (Deblending + Irregular Reconstruction)
• Inline number = 9
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• The I-MSSA method is a useful tool for irregular grid seismic data
reconstruction.

• The I-MSSA in conjunction with the Projected Gradient Descent Method
was used to deblending and shots reconstruction simultaneously.

• We do not have a ground truth solution for our real data test. Hence, we
cannot evaluate precisely and QC the deblending and reconstruction results.
However, we believe that experiments with synthetics show that it is
important to avoid binning errors. Therefore, IMSSA should be
preferentially used rather than MSSA in combination of source
position binning.

• More real datasets for tests would benefit this research, so if you can
provide data, it will be appreciated.

Conclusion and Summary
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