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Introduction: multi-microphone noise reduction problem
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Introduction: source separation problem
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Multi-microphone signal model in time domain

…

source signal 2: 

source signal 1:

<latexit sha1_base64="eNU4PMxu8paUxwhnyW1i6VoLgSA=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AG8pkOmnHTiZhZiKW0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpPb9wO0Jf1CuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfja/dgZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmL8Oh0xSovnUEEwkM7dCMsYSE20CKpkQvj6F/5O2aztVG117lcbFMo4iOALH4BQ4oAYa4Ao0QQsQcAsewBN4tmLr0XqxXhetBWs5cwh+wHr7BJ+cjyw=</latexit>

x2[n]

<latexit sha1_base64="UPeMYAJPewMuHOxpmdXVSG+lNn4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSZNW7MsunFZwT4gDWUynbSjk0mYmYgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89YcqZ0gh9WIWV1bX1jeJmaWt7Z3evvH/QUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0254ezHzu3dUKpaIaz1JaRDjkWARI1gbqXM/cHwRDMoVZLueh2p1iGyvWnfdhiHIc6s1Fzo2mqMClmgNyu/9YUKymApNOFbKd1CqgxxLzQin01I/UzTF5BaPqG+owDFVQT6/dgpPjDKEUSJNCQ3n6veJHMdKTeLQdMZYj9Vvbyb+5fmZjrwgZyLNNBVksSjKONQJnL0Oh0xSovnEEEwkM7dCMsYSE20CKpkQvj6F/5NO1XYaNrqqVZrnyziK4Agcg1PggDPQBJegBdqAgBvwAJ7As5VYj9aL9bpoLVjLmUPwA9bbJ6rijzQ=</latexit>

x1[n]<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

Microphone signals

…
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Multi-microphone signal model in time domain

…

<latexit sha1_base64="6xs86W3aVu1KJt8PS1TPpBau5D0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJ92e6KblxWsA+ZDiWTpm1okhmSjFCGfoUbF4q49XPc+TemD0FFD1w4nHMv994Txpxpg9CHk1lb39jcym7ndnb39g/yh0dtHSWK0BaJeKS6IdaUM0lbhhlOu7GiWIScdsLJ1dzv3FOlWSRvzTSmgcAjyYaMYGOlu3E/9byZL4N+voDcUgXViwgit1YulktVS7xavVKtQ89FCxTACs1+/r03iEgiqDSEY619D8UmSLEyjHA6y/USTWNMJnhEfUslFlQH6eLgGTyzygAOI2VLGrhQv0+kWGg9FaHtFNiM9W9vLv7l+YkZ1oKUyTgxVJLlomHCoYng/Hs4YIoSw6eWYKKYvRWSMVaYGJtRzobw9Sn8n7SLrld10U250LhcxZEFJ+AUnAMPXIAGuAZN0AIECPAAnsCzo5xH58V5XbZmnNXMMfgB5+0T10GQdA==</latexit>

h11[n]
<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

source signal 2: 

source signal 1:

<latexit sha1_base64="eNU4PMxu8paUxwhnyW1i6VoLgSA=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AG8pkOmnHTiZhZiKW0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpPb9wO0Jf1CuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfja/dgZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmL8Oh0xSovnUEEwkM7dCMsYSE20CKpkQvj6F/5O2aztVG117lcbFMo4iOALH4BQ4oAYa4Ao0QQsQcAsewBN4tmLr0XqxXhetBWs5cwh+wHr7BJ+cjyw=</latexit>

x2[n]

<latexit sha1_base64="UPeMYAJPewMuHOxpmdXVSG+lNn4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSZNW7MsunFZwT4gDWUynbSjk0mYmYgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89YcqZ0gh9WIWV1bX1jeJmaWt7Z3evvH/QUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0254ezHzu3dUKpaIaz1JaRDjkWARI1gbqXM/cHwRDMoVZLueh2p1iGyvWnfdhiHIc6s1Fzo2mqMClmgNyu/9YUKymApNOFbKd1CqgxxLzQin01I/UzTF5BaPqG+owDFVQT6/dgpPjDKEUSJNCQ3n6veJHMdKTeLQdMZYj9Vvbyb+5fmZjrwgZyLNNBVksSjKONQJnL0Oh0xSovnEEEwkM7dCMsYSE20CKpkQvj6F/5NO1XYaNrqqVZrnyziK4Agcg1PggDPQBJegBdqAgBvwAJ7As5VYj9aL9bpoLVjLmUPwA9bbJ6rijzQ=</latexit>

x1[n]
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mic.
index

acoustic impulse response
<latexit sha1_base64="yo/a5ZCyebwdKzVBwMFrlLq66LQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPSUDbbTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc30z9zhNVmsXy3kwSGgg8lCxiBBsrPYz62SPLfRn0qzW37s6AlolXkBoUaParX71BTFJBpSEca+17bmKCDCvDCKd5pZdqmmAyxkPqWyqxoDrIZgfn6MQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf5qYmugozJJDVUkvmiKOXIxGj6PRowRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/C6yQkQ==</latexit>

hji[n]

source
index

<latexit sha1_base64="DygvXtke3oqfdpMWuEGNN8mpvZ4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLTh+2u6MZlBfuQ6VAyaaYNzWSGJCOUoV/hxoUibv0cd/6N6UNQ0QMXDufcy733BAlnSiP0YeXW1jc2t/LbhZ3dvf2D4uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Grud++pVCwWt3qaUD/CI8FCRrA20t14kLnOzBP+oFhCdrmKGi6CyK5X3Eq5ZohTb1RrDejYaIESWKE1KL73hzFJIyo04Vgpz0GJ9jMsNSOczgr9VNEEkwkeUc9QgSOq/Gxx8AyeGWUIw1iaEhou1O8TGY6UmkaB6YywHqvf3lz8y/NSHdb9jIkk1VSQ5aIw5VDHcP49HDJJieZTQzCRzNwKyRhLTLTJqGBC+PoU/k86ru3UbHRTKTUvV3HkwQk4BefAARegCa5BC7QBARF4AE/g2ZLWo/VivS5bc9Zq5hj8gPX2CdjKkHU=</latexit>

h21[n]
<latexit sha1_base64="oSpSP02HMWFOsOleU1fHzDYNH0k=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6Yv213RjRuhgn3IdCiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nJXVtfWNzcxWdntnd28/d3DY0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTscX8789j1VmkXy1kxiGgg8lGzACDZWuhv10mtv6sugl8sjt1hGtQKCyK2WCqVixRKvWitXatBz0Rx5sESjl3vv9iOSCCoN4Vhr30OxCVKsDCOcTrPdRNMYkzEeUt9SiQXVQTo/eApPrdKHg0jZkgbO1e8TKRZaT0RoOwU2I/3bm4l/eX5iBtUgZTJODJVksWiQcGgiOPse9pmixPCJJZgoZm+FZIQVJsZmlLUhfH0K/yetgutVXHRTytcvlnFkwDE4AWfAA+egDq5AAzQBAQI8gCfw7Cjn0XlxXhetK85y5gj8gPP2CQJMkJA=</latexit>

hM1[n]



Multi-microphone signal model in time domain

…

<latexit sha1_base64="Vn4HTspB16044XmH1b4c8CL/fbw=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2IekoUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakpCjkaAxxUgb6W48yD1vFohwUKk69kWj5vk16NiOU3c9tyBe3T/3oWuUAlWwRGtQee8PE5xxIjRmSKnAdVId5khqihmZlfuZIinCEzQigaECcaLCfH7wDJ4aZQjjRJoSGs7V7xM54kpNeWQ6OdJj9dsrxL+8INNxI8ypSDNNBF4sijMGdQKL7+GQSoI1mxqCsKTmVojHSCKsTUZlE8LXp/B/0vFst2Y7N361ebmMowSOwQk4Ay6ogya4Bi3QBhhw8ACewLMlrUfrxXpdtK5Yy5kj8APW2yfBfJBk</latexit>

h22[n]

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

source signal 2: 

source signal 1:

<latexit sha1_base64="eNU4PMxu8paUxwhnyW1i6VoLgSA=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AG8pkOmnHTiZhZiKW0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpPb9wO0Jf1CuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfja/dgZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmL8Oh0xSovnUEEwkM7dCMsYSE20CKpkQvj6F/5O2aztVG117lcbFMo4iOALH4BQ4oAYa4Ao0QQsQcAsewBN4tmLr0XqxXhetBWs5cwh+wHr7BJ+cjyw=</latexit>

x2[n]

<latexit sha1_base64="UPeMYAJPewMuHOxpmdXVSG+lNn4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSZNW7MsunFZwT4gDWUynbSjk0mYmYgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89YcqZ0gh9WIWV1bX1jeJmaWt7Z3evvH/QUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0254ezHzu3dUKpaIaz1JaRDjkWARI1gbqXM/cHwRDMoVZLueh2p1iGyvWnfdhiHIc6s1Fzo2mqMClmgNyu/9YUKymApNOFbKd1CqgxxLzQin01I/UzTF5BaPqG+owDFVQT6/dgpPjDKEUSJNCQ3n6veJHMdKTeLQdMZYj9Vvbyb+5fmZjrwgZyLNNBVksSjKONQJnL0Oh0xSovnEEEwkM7dCMsYSE20CKpkQvj6F/5NO1XYaNrqqVZrnyziK4Agcg1PggDPQBJegBdqAgBvwAJ7As5VYj9aL9bpoLVjLmUPwA9bbJ6rijzQ=</latexit>

x1[n]
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mic.
index

acoustic impulse response
<latexit sha1_base64="yo/a5ZCyebwdKzVBwMFrlLq66LQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPSUDbbTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc30z9zhNVmsXy3kwSGgg8lCxiBBsrPYz62SPLfRn0qzW37s6AlolXkBoUaParX71BTFJBpSEca+17bmKCDCvDCKd5pZdqmmAyxkPqWyqxoDrIZgfn6MQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf5qYmugozJJDVUkvmiKOXIxGj6PRowRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/C6yQkQ==</latexit>

hji[n]

source
index

<latexit sha1_base64="6xs86W3aVu1KJt8PS1TPpBau5D0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJ92e6KblxWsA+ZDiWTpm1okhmSjFCGfoUbF4q49XPc+TemD0FFD1w4nHMv994Txpxpg9CHk1lb39jcym7ndnb39g/yh0dtHSWK0BaJeKS6IdaUM0lbhhlOu7GiWIScdsLJ1dzv3FOlWSRvzTSmgcAjyYaMYGOlu3E/9byZL4N+voDcUgXViwgit1YulktVS7xavVKtQ89FCxTACs1+/r03iEgiqDSEY619D8UmSLEyjHA6y/USTWNMJnhEfUslFlQH6eLgGTyzygAOI2VLGrhQv0+kWGg9FaHtFNiM9W9vLv7l+YkZ1oKUyTgxVJLlomHCoYng/Hs4YIoSw6eWYKKYvRWSMVaYGJtRzobw9Sn8n7SLrld10U250LhcxZEFJ+AUnAMPXIAGuAZN0AIECPAAnsCzo5xH58V5XbZmnNXMMfgB5+0T10GQdA==</latexit>

h11[n]
<latexit sha1_base64="DygvXtke3oqfdpMWuEGNN8mpvZ4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLTh+2u6MZlBfuQ6VAyaaYNzWSGJCOUoV/hxoUibv0cd/6N6UNQ0QMXDufcy733BAlnSiP0YeXW1jc2t/LbhZ3dvf2D4uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Grud++pVCwWt3qaUD/CI8FCRrA20t14kLnOzBP+oFhCdrmKGi6CyK5X3Eq5ZohTb1RrDejYaIESWKE1KL73hzFJIyo04Vgpz0GJ9jMsNSOczgr9VNEEkwkeUc9QgSOq/Gxx8AyeGWUIw1iaEhou1O8TGY6UmkaB6YywHqvf3lz8y/NSHdb9jIkk1VSQ5aIw5VDHcP49HDJJieZTQzCRzNwKyRhLTLTJqGBC+PoU/k86ru3UbHRTKTUvV3HkwQk4BefAARegCa5BC7QBARF4AE/g2ZLWo/VivS5bc9Zq5hj8gPX2CdjKkHU=</latexit>

h21[n]
<latexit sha1_base64="oSpSP02HMWFOsOleU1fHzDYNH0k=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6Yv213RjRuhgn3IdCiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nJXVtfWNzcxWdntnd28/d3DY0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTscX8789j1VmkXy1kxiGgg8lGzACDZWuhv10mtv6sugl8sjt1hGtQKCyK2WCqVixRKvWitXatBz0Rx5sESjl3vv9iOSCCoN4Vhr30OxCVKsDCOcTrPdRNMYkzEeUt9SiQXVQTo/eApPrdKHg0jZkgbO1e8TKRZaT0RoOwU2I/3bm4l/eX5iBtUgZTJODJVksWiQcGgiOPse9pmixPCJJZgoZm+FZIQVJsZmlLUhfH0K/yetgutVXHRTytcvlnFkwDE4AWfAA+egDq5AAzQBAQI8gCfw7Cjn0XlxXhetK85y5gj8gPP2CQJMkJA=</latexit>

hM1[n]

<latexit sha1_base64="dgTQuj+HqBZTGZ+5cETei/8GCXw=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2IekoUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakpCjkaAxxUgb6W48yF1vFohwUKk69kWj5vk16NiOU3c9tyBe3T/3oWuUAlWwRGtQee8PE5xxIjRmSKnAdVId5khqihmZlfuZIinCEzQigaECcaLCfH7wDJ4aZQjjRJoSGs7V7xM54kpNeWQ6OdJj9dsrxL+8INNxI8ypSDNNBF4sijMGdQKL7+GQSoI1mxqCsKTmVojHSCKsTUZlE8LXp/B/0vFst2Y7N361ebmMowSOwQk4Ay6ogya4Bi3QBhhw8ACewLMlrUfrxXpdtK5Yy5kj8APW2ye/85Bj</latexit>

h12[n]

<latexit sha1_base64="NZrXmX09Vm0KEbjcdtAP6ybN3bk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPSUOZTKft0JlJmJkIJfQr3LhQxK2f486/cdJWUNEDFw7n3Mu990QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLsRUoRRQVqaaka6iSSIR4x0osll7nfuiVQ0Frd6mpCQo5GgQ4qRNtLduJ9de7NAhP1yxbHP61XPr0LHdpya67k58Wr+mQ9do+SogCWa/fJ7bxDjlBOhMUNKBa6T6DBDUlPMyKzUSxVJEJ6gEQkMFYgTFWbzg2fwxCgDOIylKaHhXP0+kSGu1JRHppMjPVa/vVz8ywtSPayHGRVJqonAi0XDlEEdw/x7OKCSYM2mhiAsqbkV4jGSCGuTUcmE8PUp/J+0Pdut2s6NX2lcLOMogiNwDE6BC2qgAa5AE7QABhw8gCfwbEnr0XqxXhetBWs5cwh+wHr7BOrvkH8=</latexit>

hM2[n]



Multi-microphone signal model in time domain

…

<latexit sha1_base64="+bpvbWGQiCmS7SDvi0Eih58XTfM=">AAAB+XicdVDLSgMxFM3UV62vUZdugkUQF0OmL9td0Y3LCvYB7TBk0rQNzWSGJFMsQ//EjQtF3Pon7vwb04egogcuHM65l3vvCWLOlEbow8qsrW9sbmW3czu7e/sH9uFRS0WJJLRJIh7JToAV5UzQpmaa004sKQ4DTtvB+HrutydUKhaJOz2NqRfioWADRrA2km/b977bFd7FyE9dd2aYb+eRUyyjWgFB5FRLhVKxYohbrZUrNeg6aIE8WKHh2++9fkSSkApNOFaq66JYeymWmhFOZ7leomiMyRgPaddQgUOqvHRx+QyeGaUPB5E0JTRcqN8nUhwqNQ0D0xliPVK/vbn4l9dN9KDqpUzEiaaCLBcNEg51BOcxwD6TlGg+NQQTycytkIywxESbsHImhK9P4f+kVXDcioNuS/n61SqOLDgBp+AcuOAS1MENaIAmIGACHsATeLZS69F6sV6XrRlrNXMMfsB6+wT8Z5ND</latexit>

x1[n] ⇤ h11[n]

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

<latexit sha1_base64="Llv2/SIpJ8crhdUmfC4JIXzAaJ8=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBZBPIQkhrbeil48VrCtkIaw2W7bpZtN2N0US+g/8eJBEa/+E2/+GzdtBRV9MPB4b4aZeVHKqFS2/WGUVlbX1jfKm5Wt7Z3dPXP/oCOTTGDSxglLxF2EJGGUk7aiipG7VBAUR4x0o/FV4XcnREia8Fs1TUkQoyGnA4qR0lJomveh6/PgbBTmrjvTLDSrtnXRqLleDdqWbdcd1ymIW/fOPehopUAVLNEKzfdeP8FZTLjCDEnpO3aqghwJRTEjs0ovkyRFeIyGxNeUo5jIIJ9fPoMnWunDQSJ0cQXn6veJHMVSTuNId8ZIjeRvrxD/8vxMDRpBTnmaKcLxYtEgY1AlsIgB9qkgWLGpJggLqm+FeIQEwkqHVdEhfH0K/ycd13Jqln3jVZuXyzjK4Agcg1PggDpogmvQAm2AwQQ8gCfwbOTGo/FivC5aS8Zy5hD8gPH2CegzkzQ=</latexit>

x2[n] ⇤ h22[n]

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

mic.
index

…

acoustic impulse response

<latexit sha1_base64="cYlkcI7BfmRlAVvj+QFoyFUfExI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w9wT/qDQhGVEEIYY5gRXK0gR+r1WhnXIM4shyJYojkovPeHiiYRk5YKYkwPo9j6KdGWU8Fm+X5iWEzohIxYz1FJImb8dH7tDJ46ZQhDpV1JC+fq94mURMZMo8B1RsSOzW8vE//yeokNa37KZZxYJuliUZgIaBXMXodDrhm1YuoIoZq7WyEdE02odQHlXQhfn8L/SbtcwpUSuj4vNi6WceTAMTgBZwCDKmiAK9AELUDBLXgAT+DZU96j9+K9LlpXvOXMEfgB7+0Tjg6PIQ==</latexit>

z1[n]

<latexit sha1_base64="pOWjtkQI3JqlUPALG7UG1XfoPKg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w/KPekPCkVUQghhjGFGcLWCHKnXa2VcgzizHIpgieag8N4fKppETFoqiDE9jGLrp0RbTgWb5fuJYTGhEzJiPUcliZjx0/m1M3jqlCEMlXYlLZyr3ydSEhkzjQLXGRE7Nr+9TPzL6yU2rPkpl3FimaSLRWEioFUwex0OuWbUiqkjhGruboV0TDSh1gWUdyF8fQr/J+1yCVdK6Pq82LhYxpEDx+AEnAEMqqABrkATtAAFt+ABPIFnT3mP3ov3umhd8ZYzR+AHvLdPj5WPIg==</latexit>

z2[n]

<latexit sha1_base64="Y5SPSNtbjkQX0Zk+k6jI+Zpi+Fg=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFN26ECvYB06Fk0kwbm8kMSUaoQ//BjQtF3Po/7vwbM20FFT1w4XDOvdx7jx8Lrg1CH05uZXVtfSO/Wdja3tndK+4fdHSUKMraNBKR6vlEM8ElaxtuBOvFipHQF6zrTy4yv3vHlOaRvDHTmHkhGUkecEqMlTr3gytXeoNiCZURQhhjmBFcqyJLGo16BdchziyLEliiNSi+94cRTUImDRVEaxej2HgpUYZTwWaFfqJZTOiEjJhrqSQh0146v3YGT6wyhEGkbEkD5+r3iZSEWk9D33aGxIz1by8T//LcxAR1L+UyTgyTdLEoSAQ0Ecxeh0OuGDViagmhittbIR0TRaixARVsCF+fwv9Jp1LG1TK6Pis1z5dx5MEROAanAIMaaIJL0AJtQMEteABP4NmJnEfnxXldtOac5cwh+AHn7RO40o89</latexit>

zM [n]

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="6MxdXrUE/gny4ki4edgQSbScBuQ=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPSUDbbTbt2sxt2N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6Be3jU0jJThDaJ5FJ1IqwpZ4I2DTOcdlJFcRJx2o5GdzO/PaZKMykezSSlYYIHgsWMYGOl1rjnByLsuVWv5s2BVolfkCoUaPTcr25fkiyhwhCOtQ58LzVhjpVhhNNppZtpmmIywgMaWCpwQnWYz6+dojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9ekJn4JsyZSDNDBVksijOOjESz11GfKUoMn1iCiWL2VkSGWGFibEAVG4K//PIqaV3U/Kua93BZrd8WcZThBE7hHHy4hjrcQwOaQOAJnuEV3hzpvDjvzseiteQUM8fwB87nDzr0juc=</latexit>

v1[n]

<latexit sha1_base64="NRo49/nJMPuELeO/ZG0DwssFHus=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD9gu5Rsmm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vpv7nQlVmknxaKYJDWI8FCxiBBsrtSf9mi+CfrniVt0F0DrxclKBHM1++as3kCSNqTCEY619z01MkGFlGOF0VuqlmiaYjPGQ+pYKHFMdZItrZ+jCKgMUSWVLGLRQf09kONZ6Goe2M8ZmpFe9ufif56cmugkyJpLUUEGWi6KUIyPR/HU0YIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qlevug9XlcZtHkcRzuAcLsGDa2jAPTShBQSe4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gA8e47o</latexit>

v2[n]

<latexit sha1_base64="iPf+iKNxErTiH+Vvl3JPV8nG6No=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXrwIFewHbJeSTbNtbDZZkmyhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOR7czvz2mSjMpHs0koUGMB4JFjGBjpda4d++LoFeuuFV3DrRKvJxUIEejV/7q9iVJYyoM4Vhr33MTE2RYGUY4nZa6qaYJJiM8oL6lAsdUB9n82ik6s0ofRVLZEgbN1d8TGY61nsSh7YyxGeplbyb+5/mpia6DjIkkNVSQxaIo5chINHsd9ZmixPCJJZgoZm9FZIgVJsYGVLIheMsvr5LWRdWrVd2Hy0r9Jo+jCCdwCufgwRXU4Q4a0AQCT/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AZbiPAw==</latexit>

vM [n]

mic. self noise

source signal 2: 

source signal 1:

<latexit sha1_base64="eNU4PMxu8paUxwhnyW1i6VoLgSA=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AG8pkOmnHTiZhZiKW0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpPb9wO0Jf1CuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfja/dgZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmL8Oh0xSovnUEEwkM7dCMsYSE20CKpkQvj6F/5O2aztVG117lcbFMo4iOALH4BQ4oAYa4Ao0QQsQcAsewBN4tmLr0XqxXhetBWs5cwh+wHr7BJ+cjyw=</latexit>

x2[n]

<latexit sha1_base64="UPeMYAJPewMuHOxpmdXVSG+lNn4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSZNW7MsunFZwT4gDWUynbSjk0mYmYgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89YcqZ0gh9WIWV1bX1jeJmaWt7Z3evvH/QUUkmCW2ThCeyF2JFORO0rZnmtJdKiuOQ0254ezHzu3dUKpaIaz1JaRDjkWARI1gbqXM/cHwRDMoVZLueh2p1iGyvWnfdhiHIc6s1Fzo2mqMClmgNyu/9YUKymApNOFbKd1CqgxxLzQin01I/UzTF5BaPqG+owDFVQT6/dgpPjDKEUSJNCQ3n6veJHMdKTeLQdMZYj9Vvbyb+5fmZjrwgZyLNNBVksSjKONQJnL0Oh0xSovnEEEwkM7dCMsYSE20CKpkQvj6F/5NO1XYaNrqqVZrnyziK4Agcg1PggDPQBJegBdqAgBvwAJ7As5VYj9aL9bpoLVjLmUPwA9bbJ6rijzQ=</latexit>

x1[n]

Andreas Koutrouvelis 17

<latexit sha1_base64="yo/a5ZCyebwdKzVBwMFrlLq66LQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPSUDbbTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc30z9zhNVmsXy3kwSGgg8lCxiBBsrPYz62SPLfRn0qzW37s6AlolXkBoUaParX71BTFJBpSEca+17bmKCDCvDCKd5pZdqmmAyxkPqWyqxoDrIZgfn6MQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf5qYmugozJJDVUkvmiKOXIxGj6PRowRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/C6yQkQ==</latexit>

hji[n]

source
index

<latexit sha1_base64="6xs86W3aVu1KJt8PS1TPpBau5D0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJ92e6KblxWsA+ZDiWTpm1okhmSjFCGfoUbF4q49XPc+TemD0FFD1w4nHMv994Txpxpg9CHk1lb39jcym7ndnb39g/yh0dtHSWK0BaJeKS6IdaUM0lbhhlOu7GiWIScdsLJ1dzv3FOlWSRvzTSmgcAjyYaMYGOlu3E/9byZL4N+voDcUgXViwgit1YulktVS7xavVKtQ89FCxTACs1+/r03iEgiqDSEY619D8UmSLEyjHA6y/USTWNMJnhEfUslFlQH6eLgGTyzygAOI2VLGrhQv0+kWGg9FaHtFNiM9W9vLv7l+YkZ1oKUyTgxVJLlomHCoYng/Hs4YIoSw6eWYKKYvRWSMVaYGJtRzobw9Sn8n7SLrld10U250LhcxZEFJ+AUnAMPXIAGuAZN0AIECPAAnsCzo5xH58V5XbZmnNXMMfgB5+0T10GQdA==</latexit>

h11[n]
<latexit sha1_base64="DygvXtke3oqfdpMWuEGNN8mpvZ4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjLTh+2u6MZlBfuQ6VAyaaYNzWSGJCOUoV/hxoUibv0cd/6N6UNQ0QMXDufcy733BAlnSiP0YeXW1jc2t/LbhZ3dvf2D4uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Grud++pVCwWt3qaUD/CI8FCRrA20t14kLnOzBP+oFhCdrmKGi6CyK5X3Eq5ZohTb1RrDejYaIESWKE1KL73hzFJIyo04Vgpz0GJ9jMsNSOczgr9VNEEkwkeUc9QgSOq/Gxx8AyeGWUIw1iaEhou1O8TGY6UmkaB6YywHqvf3lz8y/NSHdb9jIkk1VSQ5aIw5VDHcP49HDJJieZTQzCRzNwKyRhLTLTJqGBC+PoU/k86ru3UbHRTKTUvV3HkwQk4BefAARegCa5BC7QBARF4AE/g2ZLWo/VivS5bc9Zq5hj8gPX2CdjKkHU=</latexit>

h21[n]
<latexit sha1_base64="oSpSP02HMWFOsOleU1fHzDYNH0k=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6Yv213RjRuhgn3IdCiZNG1Dk8yQZIQy9CvcuFDErZ/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nJXVtfWNzcxWdntnd28/d3DY0lGiCG2SiEeqE2JNOZO0aZjhtBMrikXIaTscX8789j1VmkXy1kxiGgg8lGzACDZWuhv10mtv6sugl8sjt1hGtQKCyK2WCqVixRKvWitXatBz0Rx5sESjl3vv9iOSCCoN4Vhr30OxCVKsDCOcTrPdRNMYkzEeUt9SiQXVQTo/eApPrdKHg0jZkgbO1e8TKRZaT0RoOwU2I/3bm4l/eX5iBtUgZTJODJVksWiQcGgiOPse9pmixPCJJZgoZm+FZIQVJsZmlLUhfH0K/yetgutVXHRTytcvlnFkwDE4AWfAA+egDq5AAzQBAQI8gCfw7Cjn0XlxXhetK85y5gj8gPP2CQJMkJA=</latexit>

hM1[n]

<latexit sha1_base64="Vn4HTspB16044XmH1b4c8CL/fbw=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2IekoUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakpCjkaAxxUgb6W48yD1vFohwUKk69kWj5vk16NiOU3c9tyBe3T/3oWuUAlWwRGtQee8PE5xxIjRmSKnAdVId5khqihmZlfuZIinCEzQigaECcaLCfH7wDJ4aZQjjRJoSGs7V7xM54kpNeWQ6OdJj9dsrxL+8INNxI8ypSDNNBF4sijMGdQKL7+GQSoI1mxqCsKTmVojHSCKsTUZlE8LXp/B/0vFst2Y7N361ebmMowSOwQk4Ay6ogya4Bi3QBhhw8ACewLMlrUfrxXpdtK5Yy5kj8APW2yfBfJBk</latexit>

h22[n]

<latexit sha1_base64="dgTQuj+HqBZTGZ+5cETei/8GCXw=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2IekoUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakpCjkaAxxUgb6W48yF1vFohwUKk69kWj5vk16NiOU3c9tyBe3T/3oWuUAlWwRGtQee8PE5xxIjRmSKnAdVId5khqihmZlfuZIinCEzQigaECcaLCfH7wDJ4aZQjjRJoSGs7V7xM54kpNeWQ6OdJj9dsrxL+8INNxI8ypSDNNBF4sijMGdQKL7+GQSoI1mxqCsKTmVojHSCKsTUZlE8LXp/B/0vFst2Y7N361ebmMowSOwQk4Ay6ogya4Bi3QBhhw8ACewLMlrUfrxXpdtK5Yy5kj8APW2ye/85Bj</latexit>

h12[n]

<latexit sha1_base64="NZrXmX09Vm0KEbjcdtAP6ybN3bk=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPSUOZTKft0JlJmJkIJfQr3LhQxK2f486/cdJWUNEDFw7n3Mu990QJo0o7zodVWFldW98obpa2tnd298r7B20VpxKTFo5ZLLsRUoRRQVqaaka6iSSIR4x0osll7nfuiVQ0Frd6mpCQo5GgQ4qRNtLduJ9de7NAhP1yxbHP61XPr0LHdpya67k58Wr+mQ9do+SogCWa/fJ7bxDjlBOhMUNKBa6T6DBDUlPMyKzUSxVJEJ6gEQkMFYgTFWbzg2fwxCgDOIylKaHhXP0+kSGu1JRHppMjPVa/vVz8ywtSPayHGRVJqonAi0XDlEEdw/x7OKCSYM2mhiAsqbkV4jGSCGuTUcmE8PUp/J+0Pdut2s6NX2lcLOMogiNwDE6BC2qgAa5AE7QABhw8gCfwbEnr0XqxXhetBWs5cwh+wHr7BOrvkH8=</latexit>

hM2[n]

<latexit sha1_base64="NDoLW8qb1DAPAfPA8dd3HVMAmBw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBZBPIQkhrbeil48VrCtkIaw2W7bpZtN2N0US+g/8eJBEa/+E2/+GzdtBRV9MPB4b4aZeVHKqFS2/WGUVlbX1jfKm5Wt7Z3dPXP/oCOTTGDSxglLxF2EJGGUk7aiipG7VBAUR4x0o/FV4XcnREia8Fs1TUkQoyGnA4qR0lJomveh6/PgbBTmjjvTLDSrtnXRqLleDdqWbdcd1ymIW/fOPehopUAVLNEKzfdeP8FZTLjCDEnpO3aqghwJRTEjs0ovkyRFeIyGxNeUo5jIIJ9fPoMnWunDQSJ0cQXn6veJHMVSTuNId8ZIjeRvrxD/8vxMDRpBTnmaKcLxYtEgY1AlsIgB9qkgWLGpJggLqm+FeIQEwkqHVdEhfH0K/ycd13Jqln3jVZuXyzjK4Agcg1PggDpogmvQAm2AwQQ8gCfwbOTGo/FivC5aS8Zy5hD8gPH2CeaqkzM=</latexit>

x2[n] ⇤ h12[n]
<latexit sha1_base64="i4Q13E/gROJFkKeuF5vq3WbjasQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkUQF0OmL9td0Y3LCvYB7TBk0rQNzWSGJFMsQ//EjQtF3Pon7vwb04egogcuHM65l3vvCWLOlEbow8qsrW9sbmW3czu7e/sH9uFRS0WJJLRJIh7JToAV5UzQpmaa004sKQ4DTtvB+HrutydUKhaJOz2NqRfioWADRrA2km/b977bFd7FyE8L7sww384jp1hGtQKCyKmWCqVixRC3WitXatB10AJ5sELDt997/YgkIRWacKxU10Wx9lIsNSOcznK9RNEYkzEe0q6hAodUeeni8hk8M0ofDiJpSmi4UL9PpDhUahoGpjPEeqR+e3PxL6+b6EHVS5mIE00FWS4aJBzqCM5jgH0mKdF8aggmkplbIRlhiYk2YeVMCF+fwv9Jq+C4FQfdlvL1q1UcWXACTsE5cMElqIMb0ABNQMAEPIAn8Gyl1qP1Yr0uWzPWauYY/ID19gn98JNE</latexit>

x1[n] ⇤ h21[n]

<latexit sha1_base64="F1uFB81E3NBPB1b4cAzLmDTW3Ps=">AAAB+XicdVDLSgMxFM3UV62vUZdugkUQF0OmL9td0Y0boYKthXYYMmnahmYyQ5IplqF/4saFIm79E3f+jelDUNEDFw7n3Mu99wQxZ0oj9GFlVlbX1jeym7mt7Z3dPXv/oKWiRBLaJBGPZDvAinImaFMzzWk7lhSHAad3wehy5t+NqVQsErd6ElMvxAPB+oxgbSTftu99tyO8s6GfXrtTw3w7j5xiGdUKCCKnWiqUihVD3GqtXKlB10Fz5MESDd9+7/YikoRUaMKxUh0XxdpLsdSMcDrNdRNFY0xGeEA7hgocUuWl88un8MQoPdiPpCmh4Vz9PpHiUKlJGJjOEOuh+u3NxL+8TqL7VS9lIk40FWSxqJ9wqCM4iwH2mKRE84khmEhmboVkiCUm2oSVMyF8fQr/J62C41YcdFPK1y+WcWTBETgGp8AF56AOrkADNAEBY/AAnsCzlVqP1ov1umjNWMuZQ/AD1tsnJ3KTXw==</latexit>

x1[n] ⇤ hM1[n]
<latexit sha1_base64="+xLCWI1SM+nB49r6EIeU1NkbB50=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQFyWJoa27ohs3QgX7gDSEyXTaDp1MwsykWEL/xI0LRdz6J+78GydtBRU9cOFwzr3ce0+YMCqVZX0YhZXVtfWN4mZpa3tnd8/cP2jLOBWYtHDMYtENkSSMctJSVDHSTQRBUchIJxxf5X5nQoSkMb9T04T4ERpyOqAYKS0FpnkfOB73z0ZBduPMNAvMslW5qFcdtwqtimXVbMfOiVNzz11oayVHGSzRDMz3Xj/GaUS4wgxJ6dlWovwMCUUxI7NSL5UkQXiMhsTTlKOISD+bXz6DJ1rpw0EsdHEF5+r3iQxFUk6jUHdGSI3kby8X//K8VA3qfkZ5kirC8WLRIGVQxTCPAfapIFixqSYIC6pvhXiEBMJKh1XSIXx9Cv8nbadiVyvWrVtuXC7jKIIjcAxOgQ1qoAGuQRO0AAYT8ACewLORGY/Gi/G6aC0Yy5lD8APG2ycRtZNP</latexit>

x2[n] ⇤ hM2[n]



From time-domain to frequency domain

<latexit sha1_base64="cYlkcI7BfmRlAVvj+QFoyFUfExI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w9wT/qDQhGVEEIYY5gRXK0gR+r1WhnXIM4shyJYojkovPeHiiYRk5YKYkwPo9j6KdGWU8Fm+X5iWEzohIxYz1FJImb8dH7tDJ46ZQhDpV1JC+fq94mURMZMo8B1RsSOzW8vE//yeokNa37KZZxYJuliUZgIaBXMXodDrhm1YuoIoZq7WyEdE02odQHlXQhfn8L/SbtcwpUSuj4vNi6WceTAMTgBZwCDKmiAK9AELUDBLXgAT+DZU96j9+K9LlpXvOXMEfgB7+0Tjg6PIQ==</latexit>

z1[n]
FFT

FFT

FFT

<latexit sha1_base64="pOWjtkQI3JqlUPALG7UG1XfoPKg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w/KPekPCkVUQghhjGFGcLWCHKnXa2VcgzizHIpgieag8N4fKppETFoqiDE9jGLrp0RbTgWb5fuJYTGhEzJiPUcliZjx0/m1M3jqlCEMlXYlLZyr3ydSEhkzjQLXGRE7Nr+9TPzL6yU2rPkpl3FimaSLRWEioFUwex0OuWbUiqkjhGruboV0TDSh1gWUdyF8fQr/J+1yCVdK6Pq82LhYxpEDx+AEnAEMqqABrkATtAAFt+ABPIFnT3mP3ov3umhd8ZYzR+AHvLdPj5WPIg==</latexit>

z2[n]

<latexit sha1_base64="Y5SPSNtbjkQX0Zk+k6jI+Zpi+Fg=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFN26ECvYB06Fk0kwbm8kMSUaoQ//BjQtF3Po/7vwbM20FFT1w4XDOvdx7jx8Lrg1CH05uZXVtfSO/Wdja3tndK+4fdHSUKMraNBKR6vlEM8ElaxtuBOvFipHQF6zrTy4yv3vHlOaRvDHTmHkhGUkecEqMlTr3gytXeoNiCZURQhhjmBFcqyJLGo16BdchziyLEliiNSi+94cRTUImDRVEaxej2HgpUYZTwWaFfqJZTOiEjJhrqSQh0146v3YGT6wyhEGkbEkD5+r3iZSEWk9D33aGxIz1by8T//LcxAR1L+UyTgyTdLEoSAQ0Ecxeh0OuGDViagmhittbIR0TRaixARVsCF+fwv9Jp1LG1TK6Pis1z5dx5MEROAanAIMaaIJL0AJtQMEteABP4NmJnEfnxXldtOac5cwh+AHn7RO40o89</latexit>

zM [n]

<latexit sha1_base64="zomxz1jpp6Uv+L9O1ZeT44ocGX8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2AdMh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57/FhwbRD6cApr6xubW8Xt0s7u3v5B+fCop2WiKOtSKaQa+EQzwSPWNdwINogVI6EvWN+fXeV+/54pzWV0a9KYeSGZRDzglBgr9dIRdmfeqFxBVYQQxhjmBDfqyJJWq1nDTYhzy6ICVuiMyu/DsaRJyCJDBdHaxSg2XkaU4VSweWmYaBYTOiMT5loakZBpL1tcO4dnVhnDQCpbkYEL9ftERkKt09C3nSExU/3by8W/PDcxQdPLeBQnhkV0uShIBDQS5q/DMVeMGpFaQqji9lZIp0QRamxAJRvC16fwf9KrVXG9im4uKu3LVRxFcAJOwTnAoAHa4Bp0QBdQcAcewBN4dqTz6Lw4r8vWgrOaOQY/4Lx9Aof2jx0=</latexit>

y1[k]

<latexit sha1_base64="jJSaR9WYOtdg+lkGQ0NljLY/qdk=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2AdMh5JJM21sJjMkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57/FhwbRD6cApr6xubW8Xt0s7u3v5B+fCop6NEUdalkYjUwCeaCS5Z13Aj2CBWjIS+YH1/dpX7/XumNI/krUlj5oVkInnAKTFW6qWjmjvzRuUKqiKEMMYwJ7hRR5a0Ws0abkKcWxYVsEJnVH4fjiOahEwaKojWLkax8TKiDKeCzUvDRLOY0BmZMNdSSUKmvWxx7RyeWWUMg0jZkgYu1O8TGQm1TkPfdobETPVvLxf/8tzEBE0v4zJODJN0uShIBDQRzF+HY64YNSK1hFDF7a2QToki1NiASjaEr0/h/6RXq+J6Fd1cVNqXqziK4AScgnOAQQO0wTXogC6g4A48gCfw7ETOo/PivC5bC85q5hj8gPP2CYl9jx4=</latexit>

y2[k]

<latexit sha1_base64="ODYl9UKTjDRp89qxZese/0Tci8o=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxo1QwT5gOpRMmmljM5MhyQjD0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe48eCa4PQh7Oyura+sVnYKm7v7O7tlw4Ou1omirIOlUKqvk80EzxiHcONYP1YMRL6gvX86WXu9+6Z0lxGtyaNmReSccQDTomxUjcdXrtTb1gqowpCCGMMc4LrNWRJs9mo4gbEuWVRBku0h6X3wUjSJGSRoYJo7WIUGy8jynAq2Kw4SDSLCZ2SMXMtjUjItJfNr53BU6uMYCCVrcjAufp9IiOh1mno286QmIn+7eXiX56bmKDhZTyKE8MiulgUJAIaCfPX4YgrRo1ILSFUcXsrpBOiCDU2oKIN4etT+D/pViu4VkE35+XWxTKOAjgGJ+AMYFAHLXAF2qADKLgDD+AJPDvSeXRenNdF64qznDkCP+C8fQKyuo85</latexit>

yM [k]

time domain frequency domain

Andreas Koutrouvelis 18

time 
frame



From time-domain to frequency domain

<latexit sha1_base64="cYlkcI7BfmRlAVvj+QFoyFUfExI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w9wT/qDQhGVEEIYY5gRXK0gR+r1WhnXIM4shyJYojkovPeHiiYRk5YKYkwPo9j6KdGWU8Fm+X5iWEzohIxYz1FJImb8dH7tDJ46ZQhDpV1JC+fq94mURMZMo8B1RsSOzW8vE//yeokNa37KZZxYJuliUZgIaBXMXodDrhm1YuoIoZq7WyEdE02odQHlXQhfn8L/SbtcwpUSuj4vNi6WceTAMTgBZwCDKmiAK9AELUDBLXgAT+DZU96j9+K9LlpXvOXMEfgB7+0Tjg6PIQ==</latexit>

z1[n]
FFT

FFT

FFT

<latexit sha1_base64="pOWjtkQI3JqlUPALG7UG1XfoPKg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxmUF+4B2KJk008ZmkiHJCHXoP7hxoYhb/8edf2OmraCiBy4czrmXe+8JYsGNRejDW1ldW9/YzG3lt3d29/YLB4dtoxJNWYsqoXQ3IIYJLlnLcitYN9aMRIFgnWBymfmdO6YNV/LGTmPmR2QkecgpsU5q3w/KPekPCkVUQghhjGFGcLWCHKnXa2VcgzizHIpgieag8N4fKppETFoqiDE9jGLrp0RbTgWb5fuJYTGhEzJiPUcliZjx0/m1M3jqlCEMlXYlLZyr3ydSEhkzjQLXGRE7Nr+9TPzL6yU2rPkpl3FimaSLRWEioFUwex0OuWbUiqkjhGruboV0TDSh1gWUdyF8fQr/J+1yCVdK6Pq82LhYxpEDx+AEnAEMqqABrkATtAAFt+ABPIFnT3mP3ov3umhd8ZYzR+AHvLdPj5WPIg==</latexit>

z2[n]

<latexit sha1_base64="Y5SPSNtbjkQX0Zk+k6jI+Zpi+Fg=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFN26ECvYB06Fk0kwbm8kMSUaoQ//BjQtF3Po/7vwbM20FFT1w4XDOvdx7jx8Lrg1CH05uZXVtfSO/Wdja3tndK+4fdHSUKMraNBKR6vlEM8ElaxtuBOvFipHQF6zrTy4yv3vHlOaRvDHTmHkhGUkecEqMlTr3gytXeoNiCZURQhhjmBFcqyJLGo16BdchziyLEliiNSi+94cRTUImDRVEaxej2HgpUYZTwWaFfqJZTOiEjJhrqSQh0146v3YGT6wyhEGkbEkD5+r3iZSEWk9D33aGxIz1by8T//LcxAR1L+UyTgyTdLEoSAQ0Ecxeh0OuGDViagmhittbIR0TRaixARVsCF+fwv9Jp1LG1TK6Pis1z5dx5MEROAanAIMaaIJL0AJtQMEteABP4NmJnEfnxXldtOac5cwh+AHn7RO40o89</latexit>

zM [n]

<latexit sha1_base64="zomxz1jpp6Uv+L9O1ZeT44ocGX8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2AdMh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57/FhwbRD6cApr6xubW8Xt0s7u3v5B+fCop2WiKOtSKaQa+EQzwSPWNdwINogVI6EvWN+fXeV+/54pzWV0a9KYeSGZRDzglBgr9dIRdmfeqFxBVYQQxhjmBDfqyJJWq1nDTYhzy6ICVuiMyu/DsaRJyCJDBdHaxSg2XkaU4VSweWmYaBYTOiMT5loakZBpL1tcO4dnVhnDQCpbkYEL9ftERkKt09C3nSExU/3by8W/PDcxQdPLeBQnhkV0uShIBDQS5q/DMVeMGpFaQqji9lZIp0QRamxAJRvC16fwf9KrVXG9im4uKu3LVRxFcAJOwTnAoAHa4Bp0QBdQcAcewBN4dqTz6Lw4r8vWgrOaOQY/4Lx9Aof2jx0=</latexit>

y1[k]

<latexit sha1_base64="jJSaR9WYOtdg+lkGQ0NljLY/qdk=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2AdMh5JJM21sJjMkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57/FhwbRD6cApr6xubW8Xt0s7u3v5B+fCop6NEUdalkYjUwCeaCS5Z13Aj2CBWjIS+YH1/dpX7/XumNI/krUlj5oVkInnAKTFW6qWjmjvzRuUKqiKEMMYwJ7hRR5a0Ws0abkKcWxYVsEJnVH4fjiOahEwaKojWLkax8TKiDKeCzUvDRLOY0BmZMNdSSUKmvWxx7RyeWWUMg0jZkgYu1O8TGQm1TkPfdobETPVvLxf/8tzEBE0v4zJODJN0uShIBDQRzF+HY64YNSK1hFDF7a2QToki1NiASjaEr0/h/6RXq+J6Fd1cVNqXqziK4AScgnOAQQO0wTXogC6g4A48gCfw7ETOo/PivC5bC85q5hj8gPP2CYl9jx4=</latexit>

y2[k]

<latexit sha1_base64="ODYl9UKTjDRp89qxZese/0Tci8o=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67oxo1QwT5gOpRMmmljM5MhyQjD0H9w40IRt/6PO//GTFtBRQ9cOJxzL/fe48eCa4PQh7Oyura+sVnYKm7v7O7tlw4Ou1omirIOlUKqvk80EzxiHcONYP1YMRL6gvX86WXu9+6Z0lxGtyaNmReSccQDTomxUjcdXrtTb1gqowpCCGMMc4LrNWRJs9mo4gbEuWVRBku0h6X3wUjSJGSRoYJo7WIUGy8jynAq2Kw4SDSLCZ2SMXMtjUjItJfNr53BU6uMYCCVrcjAufp9IiOh1mno286QmIn+7eXiX56bmKDhZTyKE8MiulgUJAIaCfPX4YgrRo1ILSFUcXsrpBOiCDU2oKIN4etT+D/pViu4VkE35+XWxTKOAjgGJ+AMYFAHLXAF2qADKLgDD+AJPDvSeXRenNdF64qznDkCP+C8fQKyuo85</latexit>

yM [k]

time domain frequency domain

<latexit sha1_base64="eNU4PMxu8paUxwhnyW1i6VoLgSA=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AG8pkOmnHTiZhZiKW0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xRqVgsbvQ0oX6ER4KFjGBtpPb9wO0Jf1CuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzQH5ff+MCZpRIUmHCvVc1Ci/QxLzQins1I/VTTBZIJHtGeowBFVfja/dgZPjDKEYSxNCQ3n6veJDEdKTaPAdEZYj9VvLxf/8nqpDut+xkSSairIYlGYcqhjmL8Oh0xSovnUEEwkM7dCMsYSE20CKpkQvj6F/5O2aztVG117lcbFMo4iOALH4BQ4oAYa4Ao0QQsQcAsewBN4tmLr0XqxXhetBWs5cwh+wHr7BJ+cjyw=</latexit>

x2[n]

time domain frequency domain
<latexit sha1_base64="eaPVwDWXliYF6Zci4rz4XfDk6/Y=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFTK1NWZXdOOygm2FNJTJdNKOnUzCzEQsof/gxoUibv0fd/6N04egogcuHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf32irJJKEtkvBE3oRYUc4EbWmmOb1JJcVxyGknHF1M/c4dlYol4lqPUxrEeCBYxAjWRmrf95Avgl654th1p1b1XOjYnlf30Ikh6NRFLoLIdmaogAWavfJ7t5+QLKZCE46V8pGT6iDHUjPC6aTUzRRNMRnhAfUNFTimKshn107gkVH6MEqkKaHhTP0+keNYqXEcms4Y66H67U3Fvzw/09FZkDORZpoKMl8UZRzqBE5fh30mKdF8bAgmkplbIRliiYk2AZVMCF+fwv9Ju2pisZ2rWqVxvoijCA7AITgGCLigAS5BE7QAAbfgATyBZyuxHq0X63XeWrAWM/vgB6y3T7qqjz8=</latexit>

x1[n]
<latexit sha1_base64="vM/usq4+BqjkPIkUZ8OBBMzJAMk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSa1NWZXdOOygn1AGspkOmnHTiZhZiKU0H9w40IRt/6PO//G6UNQ0QMXDufcy733hClnSiP0YRVWVtfWN4qbpa3tnd298v5BWyWZJLRFEp7IbogV5UzQlmaa024qKY5DTjvh+Grmd+6pVCwRt3qS0iDGQ8EiRrA2Ulv1HX8c9MsVZNdRreq5ENmeV/ecM0Occ9dxHejYaI4KWKLZL7/3BgnJYio04Vgp30GpDnIsNSOcTku9TNEUkzEeUt9QgWOqgnx+7RSeGGUAo0SaEhrO1e8TOY6VmsSh6YyxHqnf3kz8y/MzHV0EORNppqkgi0VRxqFO4Ox1OGCSEs0nhmAimbkVkhGWmGgTUMmE8PUp/J+0qyYWG93UKo3LZRxFcASOwSlwgAsa4Bo0QQsQcAcewBN4thLr0XqxXhetBWs5cwh+wHr7BK5ujzc=</latexit>

s1[k]
<latexit sha1_base64="aOaaC2Ze3WQ/+OYEprLiJbhLvi8=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2AekoUymk3bsZCbMTIQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHSUyiUkbCyZkL0KKMMpJW1PNSC+VBCURI91oclX43XsiFRX8Vk9TEiZoxGlMMdJG6qiBF0zCQaXq2BeNmufXoGM7Tt313IJ4df/ch65RClTBEq1B5b0/FDhLCNeYIaUC10l1mCOpKWZkVu5niqQIT9CIBIZylBAV5vNrZ/DUKEMYC2mKazhXv0/kKFFqmkSmM0F6rH57hfiXF2Q6boQ55WmmCceLRXHGoBaweB0OqSRYs6khCEtqboV4jCTC2gRUNiF8fQr/Jx3Pdmu2c+NXm5fLOErgGJyAM+CCOmiCa9ACbYDBHXgAT+DZEtaj9WK9LlpXrOXMEfgB6+0Tk2CPJA==</latexit>

s2[k]

<latexit sha1_base64="PrlfPOPYhdbxenE+V9SPWwuoRpw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB+wXUo2zbZps8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vp/77QlVmknxZKYJDWI8ECxiBBsrtSa9kS+CXrniVt0F0DrxclKBHI1e+avblySNqTCEY619z01MkGFlGOF0VuqmmiaYjPGA+pYKHFMdZItrZ+jCKn0USWVLGLRQf09kONZ6Goe2M8ZmqFe9ufif56cmug0yJpLUUEGWi6KUIyPR/HXUZ4oSw6eWYKKYvRWRIVaYGBtQyYbgrb68TlpXVa9WdR+vK/W7PI4inME5XIIHN1CHB2hAEwiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gCSA48g</latexit>

vj [n]
<latexit sha1_base64="jI//wwGNagNVd9VNNNifvUatl8o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPSUDbbTbvtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNO7uZ+54kqzaR4NNOEBjEeChYxgo2V2qI/9idBv1pz624OtEq8gtSgQLNf/eoNJEljKgzhWGvfcxMTZFgZRjidVXqppgkmEzykvqUCx1QHWX7tDJ1ZZYAiqWwJg3L190SGY62ncWg7Y2xGetmbi/95fmqimyBjIkkNFWSxKEo5MhLNX0cDpigxfGoJJorZWxEZYYWJsQFVbAje8surpH1R967q7sNlrXFbxFGGEziFc/DgGhpwD01oAYExPMMrvDnSeXHenY9Fa8kpZo7hD5zPH4EsjxU=</latexit>

nj [k]
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<latexit sha1_base64="yo/a5ZCyebwdKzVBwMFrlLq66LQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPSUDbbTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc30z9zhNVmsXy3kwSGgg8lCxiBBsrPYz62SPLfRn0qzW37s6AlolXkBoUaParX71BTFJBpSEca+17bmKCDCvDCKd5pZdqmmAyxkPqWyqxoDrIZgfn6MQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf5qYmugozJJDVUkvmiKOXIxGj6PRowRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/C6yQkQ==</latexit>

hji[n]
<latexit sha1_base64="8SR3UzZjfqbHx8aluM7dV22tl7w=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPSUDbbTbt2dxN2N0IJ+RVePCji1Z/jzX/jts1BWx8MPN6bYWZemHCmjet+O6WV1bX1jfJmZWt7Z3evun/Q1nGqCG2RmMeqG2JNOZO0ZZjhtJsoikXIaScc30z9zhNVmsXy3kwSGgg8lCxiBBsrPeB+9shyfxz0qzW37s6AlolXkBoUaParX71BTFJBpSEca+17bmKCDCvDCKd5pZdqmmAyxkPqWyqxoDrIZgfn6MQqAxTFypY0aKb+nsiw0HoiQtspsBnpRW8q/uf5qYmugozJJDVUkvmiKOXIxGj6PRowRYnhE0swUczeisgIK0yMzahiQ/AWX14m7bO6d1F3785rjesijjIcwTGcggeX0IBbaEILCAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8//DqQhw==</latexit>

aji[k]

time 
frame



Multi-microphone signal model in frequency domain for a 
single frequency bin

…

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

…

acoustic transfer function

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="ceYTpyoyYOoQue80GjqdW2phMlY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MZlBfuAdiiZNNPGZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57gkRwbRD6cHJr6xubW/ntws7u3v5B8fCoreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcjX3O/dMaR7LWzNNmB+RkeQhp8RYqU0GGcazQbGE3GqlXit7ELkXCNdRxRJc8TxchthFC5TACs1B8b0/jGkaMWmoIFr3MEqMnxFlOBVsVuinmiWETsiI9SyVJGLazxbXzuCZVYYwjJUtaeBC/T6RkUjraRTYzoiYsf7tzcW/vF5qQs/PuExSwyRdLgpTAU0M56/DIVeMGjG1hFDF7a2Qjoki1NiACjaEr0/h/6RddnHNRTfVUuNyFUcenIBTcA4wqIMGuAZN0AIU3IEH8ASendh5dF6c12VrzlnNHIMfcN4+AYl6jx4=</latexit>a11
<latexit sha1_base64="h22G1oDbwIdRhET6zGbx5VYA6tI=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ9KWdtwV3bisYB8wHUomzbShmcyQZIQy9DPcuFDErV/jzr8xfQgqeiDhcM693HtPmAquDUIfztr6xubWdmGnuLu3f3BYOjru6CRTlLVpIhLVC4lmgkvWNtwI1ksVI3EoWDecXM/97j1TmifyzkxTFsRkJHnEKTFW8vUgxzNiPzwblMrIrVUb9YoHkXuJcANVLcFVz8MViF20QBms0BqU3vvDhGYxk4YKorWPUWqCnCjDqWCzYj/TLCV0QkbMt1SSmOkgX6w8g+dWGcIoUfZJAxfq946cxFpP49BWxsSM9W9vLv7l+ZmJvCDnMs0Mk3Q5KMoENAmc3w+HXDFqxNQSQhW3u0I6JopQY1Mq2hC+LoX/k07FxXUX3dbKzatVHAVwCs7ABcCgAZrgBrRAG1CQgAfwBJ4d4zw6L87rsnTNWfWcgB9w3j4BUs6RSw==</latexit>s1a11

<latexit sha1_base64="dr7W76omB7QuStMEZSgBXZpXBlI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrif+f6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgqqPGQ==</latexit>a22

<latexit sha1_base64="qSQGboCok16EkISL13EabHL+df0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyCXjxGNAskQ+jp9CRNeha6e4Qh5BO8eFDEq1/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7e2vrG5ld8u7Ozu7R8UD486OkoU420WyUj1PKq5FCFvG2Ek78WK08CTvOtNrzK/e8+VFlF4Z9KYuwEdh8IXjBor3aZDMiyWcBljTAhBGSG1Krak0ahXSB2RzLIowQqtYfF9MIpYEvDQMEm17hMcG3dGlRFM8nlhkGgeUzalY963NKQB1+5sceocnVllhPxI2QoNWqjfJ2Y00DoNPNsZUDPRv71M/MvrJ8avuzMRxonhIVsu8hOJTISyv9FIKM6MTC2hTAl7K2ITqigzNp2CDeHrU/Q/6VTKpFrGNxel5uUqjjycwCmcA4EaNOEaWtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+AVvSjdw=</latexit>y1

<latexit sha1_base64="1DSSv8Q8tffAFbHI6xExPZzCL9Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyCXjxGNAskQ+jp9CRNeha6e4Qw5BO8eFDEq1/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7e2vrG5ld8u7Ozu7R8UD486OkoU420WyUj1PKq5FCFvG2Ek78WK08CTvOtNrzK/e8+VFlF4Z2YxdwM6DoUvGDVWup0NK8NiCZcxxoQQlBFSq2JLGo16hdQRySyLEqzQGhbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/7qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpk2oZ31yUmperOPJwAqdwDgRq0IRraEEbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BF1Wjd0=</latexit>y2

<latexit sha1_base64="D24gJe9C9MOhfoGxzXkP4YHzQVM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQixcholkgGUJPpydp0rPQ3SMMIZ/gxYMiXv0ib/6NPUkEFX1Q8Hiviqp6XiyFNhh/OCura+sbm7mt/PbO7t5+4eCwraNEMd5ikYxU16OaSxHylhFG8m6sOA08yTve5DLzO/dcaRGFdyaNuRvQUSh8waix0m06uB4UiriEMSaEoIyQagVbUq/XyqSGSGZZFGGJ5qDw3h9GLAl4aJikWvcIjo07pcoIJvks3080jymb0BHvWRrSgGt3Oj91hk6tMkR+pGyFBs3V7xNTGmidBp7tDKgZ699eJv7l9RLj19ypCOPE8JAtFvmJRCZC2d9oKBRnRqaWUKaEvRWxMVWUGZtO3obw9Sn6n7TLJVIp4ZvzYuNiGUcOjuEEzoBAFRpwBU1oAYMRPMATPDvSeXRenNdF64qznDmCH3DePgGGQo34</latexit>yM

<latexit sha1_base64="3ZkNFfFDA5z9VErmytnFW1xJKO4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ie0IUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakoCjkaAxxUgb6U6FHgpzz5uFlapjXzRqnl+Dju04dddzC+LV/XMfukYpUAVLtMLK+2CY4IwToTFDSvVdJ9VBjqSmmJFZeZApkiI8QSPSN1QgTlSQzw+ewVOjDGGcSFNCw7n6fSJHXKkpj0wnR3qsfnuF+JfXz3TcCHIq0kwTgReL4oxBncDiezikkmDNpoYgLKm5FeIxkghrk1HZhPD1KfyfdDzbrdnOjV9tXi7jKIFjcALOgAvqoAmuQQu0AQYcPIAn8GxJ69F6sV4XrSvWcuYI/ID19gmDBZA7</latexit>s2a22

<latexit sha1_base64="BJirZuVlp2Wlnb0wJqyOoKJBwHU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/4LjZs=</latexit>n1

<latexit sha1_base64="giu9PB34RS4+iQ3o+Z3cINxIoxY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9Wv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD/j42c</latexit>n2

<latexit sha1_base64="N6KF4F5Rlc8AZIrfufiRH77ycCc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRixehov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHmTvrleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOpdVN3780rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8oio23</latexit>nM

source 1 DFT:

source 2 DFT:

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2

Andreas Koutrouvelis 20

<latexit sha1_base64="Ga4eg98Vbheeb7u31xQeAvUr2uI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1cS8bsWmvXPGr/hxolQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0zGeEA7jkosqAmz+bVTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MY3YcZkkloqyWJRnHJkFZq9jvpMU2L5xBFMNHO3IjLEGhPrAiq5EILll1dJ86IaXFX9h8tK7TaPowgncArnEMA11OAe6tAAAiN4hld485T34r17H4vWgpfPHMMfeJ8/y36PRg==</latexit>aji

mic.
index

source
index

<latexit sha1_base64="CtJpYziKEqZskbNbd2pTD+jKAwM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtacdd0Y3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57woQzbRD6cHJr6xubW/ntws7u3v5B8fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOruZ+554qzaS4NdOEBjEeCRYxgo2V2niQlb3ZoFhCbrVSr5V9iNwL5NVRxRKv4vteGXouWqAEVmgOiu/9oSRpTIUhHGvd81Biggwrwwins0I/1TTBZIJHtGepwDHVQba4dgbPrDKEkVS2hIEL9ftEhmOtp3FoO2Nsxvq3Nxf/8nqpifwgYyJJDRVkuShKOTQSzl+HQ6YoMXxqCSaK2VshGWOFibEBFWwIX5/C/0m77Ho1F91US43LVRx5cAJOwTnwQB00wDVoghYg4A48gCfw7Ejn0XlxXpetOWc1cwx+wHn7BIsAjx8=</latexit>a21
<latexit sha1_base64="0QR0qdiSQWbIrPR3MHfIF9ZcbB0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6Yt7bgrunEjVLAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh7Oyura+sZnbym/v7O7tFw4OW1qmitAmkVyqTog15UzQpmGG006iKI5DTtvh+HLmt++p0kyKWzNJaBDjoWARI9hYqYX72bU37ReKyK2Ua9WSD5F7jrwaKlvilX3fK0HPRXMUwRKNfuG9N5AkjakwhGOtux5KTJBhZRjhdJrvpZommIzxkHYtFTimOsjm107hqVUGMJLKljBwrn6fyHCs9SQObWeMzUj/9mbiX143NZEfZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oLwN4etT+D9plVyv6qKbSrF+sYwjB47BCTgDHqiBOrgCDdAEBNyBB/AEnh3pPDovzuuidcVZzhyBH3DePgG0Io86</latexit>aM1

<latexit sha1_base64="HrE4DY9i192v+ZV15B4tZ9h1JE4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrifef6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgSSPGA==</latexit>a12

<latexit sha1_base64="c1X77b31T8YWjAUMhLViyDACMLM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPaEOZTCft2MlMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20lUolJCwsmZDdEijDKSUtTzUg3kQTFISOdcHKZ+517IhUV/FZPExLEaMRpRDHSRmqjQXbtzQblimOf16ueX4WO7Tg113Nz4tX8Mx+6RslRAUs0B+X3/lDgNCZcY4aU6rlOooMMSU0xI7NSP1UkQXiCRqRnKEcxUUE2v3YGT4wyhJGQpriGc/X7RIZipaZxaDpjpMfqt5eLf3m9VEf1IKM8STXheLEoShnUAuavwyGVBGs2NQRhSc2tEI+RRFibgEomhK9P4f+k7dlu1XZu/ErjYhlHERyBY3AKXFADDXAFmqAFMLgDD+AJPFvCerRerNdFa8FazhyCH7DePgGrzI80</latexit>aM2

<latexit sha1_base64="5lscRUhqDXV1GBM2kvymGd6zFCo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQzIt7bgrunFZwT5gOgyZNNOGZh4kGaEM/Qw3LhRx69e4829MH4KKHrhwOOde7r0nzARXGqEPa219Y3Nru7RT3t3bPzisHB13VZpLyjo0Fansh0QxwRPW0VwL1s8kI3EoWC+cXM/93j2TiqfJnZ5mzI/JKOERp0QbyVNBgWckKBw8CypVZNdrzYbjQmRfItxENUNwzXWxA7GNFqiCFdpB5X0wTGkes0RTQZTyMMq0XxCpORVsVh7kimWETsiIeYYmJGbKLxYnz+C5UYYwSqWpRMOF+n2iILFS0zg0nTHRY/Xbm4t/eV6uI9cveJLlmiV0uSjKBdQpnP8Ph1wyqsXUEEIlN7dCOiaSUG1SKpsQvj6F/5OuY+OGjW7r1dbVKo4SOAVn4AJg0AQtcAPaoAMoSMEDeALPlrYerRfrddm6Zq1mTsAPWG+fVFSRTA==</latexit>s1a21

<latexit sha1_base64="XmdKavcKUzTESgJHgVNQo5icoy4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ie0IUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakoCjkaAxxUgb6U6FHgpz15uFlapjXzRqnl+Dju04dddzC+LV/XMfukYpUAVLtMLK+2CY4IwToTFDSvVdJ9VBjqSmmJFZeZApkiI8QSPSN1QgTlSQzw+ewVOjDGGcSFNCw7n6fSJHXKkpj0wnR3qsfnuF+JfXz3TcCHIq0kwTgReL4oxBncDiezikkmDNpoYgLKm5FeIxkghrk1HZhPD1KfyfdDzbrdnOjV9tXi7jKIFjcALOgAvqoAmuQQu0AQYcPIAn8GxJ69F6sV4XrSvWcuYI/ID19gmBf5A6</latexit>s2a12

<latexit sha1_base64="NqeQ1srJdsl6imD99qX2h5RYdv0=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MaNUME+YDoMmTRtQzMPkoxQhvkMNy4UcevXuPNvTB+Cih64cDjnXu69J0gEVxqhD6uwtr6xuVXcLu3s7u0flA+PuipOJWUdGotY9gOimOAR62iuBesnkpEwEKwXTK/mfu+eScXj6E7PEuaFZBzxEadEG8lVfoZz4mc3OPfLFWTXa81G1YHIvkC4iWqG4Jrj4CrENlqgAlZo++X3wTCmacgiTQVRysUo0V5GpOZUsLw0SBVLCJ2SMXMNjUjIlJctTs7hmVGGcBRLU5GGC/X7REZCpWZhYDpDoifqtzcX//LcVI8cL+NRkmoW0eWiUSqgjuH8fzjkklEtZoYQKrm5FdIJkYRqk1LJhPD1KfyfdKs2btjotl5pXa7iKIITcArOAQZN0ALXoA06gIIYPIAn8Gxp69F6sV6XrQVrNXMMfsB6+wR9dpFn</latexit>s1aM1
<latexit sha1_base64="R8G6kAhxuMOOrNPaBcHFl85RMGE=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGAf0oYwmU7boTNJmJkIJfQr3LhQxK2f486/cdJWUNEDFw7n3Mu994QJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26IFeUsoi3NNKfdRFIsQk474eQy9zv3VCoWR7d6mlBf4FHEhoxgbaQ7Fbg4yK7dWVCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzSD8nt/EJNU0EgTjpXqOSjRfoalZoTTWamfKppgMsEj2jM0woIqP5sfPIMnRhnAYSxNRRrO1e8TGRZKTUVoOgXWY/Xby8W/vF6qh3U/Y1GSahqRxaJhyqGOYf49HDBJieZTQzCRzNwKyRhLTLTJqGRC+PoU/k/aru1UbXTjVRoXyziK4Agcg1PggBpogCvQBC1AgAAP4Ak8W9J6tF6s10VrwVrOHIIfsN4+AawnkFY=</latexit>s2aM2



Multi-microphone signal model in frequency domain for a 
single frequency bin

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+

…

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="h22G1oDbwIdRhET6zGbx5VYA6tI=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ9KWdtwV3bisYB8wHUomzbShmcyQZIQy9DPcuFDErV/jzr8xfQgqeiDhcM693HtPmAquDUIfztr6xubWdmGnuLu3f3BYOjru6CRTlLVpIhLVC4lmgkvWNtwI1ksVI3EoWDecXM/97j1TmifyzkxTFsRkJHnEKTFW8vUgxzNiPzwblMrIrVUb9YoHkXuJcANVLcFVz8MViF20QBms0BqU3vvDhGYxk4YKorWPUWqCnCjDqWCzYj/TLCV0QkbMt1SSmOkgX6w8g+dWGcIoUfZJAxfq946cxFpP49BWxsSM9W9vLv7l+ZmJvCDnMs0Mk3Q5KMoENAmc3w+HXDFqxNQSQhW3u0I6JopQY1Mq2hC+LoX/k07FxXUX3dbKzatVHAVwCs7ABcCgAZrgBrRAG1CQgAfwBJ4d4zw6L87rsnTNWfWcgB9w3j4BUs6RSw==</latexit>s1a11
<latexit sha1_base64="qSQGboCok16EkISL13EabHL+df0=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyCXjxGNAskQ+jp9CRNeha6e4Qh5BO8eFDEq1/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7e2vrG5ld8u7Ozu7R8UD486OkoU420WyUj1PKq5FCFvG2Ek78WK08CTvOtNrzK/e8+VFlF4Z9KYuwEdh8IXjBor3aZDMiyWcBljTAhBGSG1Krak0ahXSB2RzLIowQqtYfF9MIpYEvDQMEm17hMcG3dGlRFM8nlhkGgeUzalY963NKQB1+5sceocnVllhPxI2QoNWqjfJ2Y00DoNPNsZUDPRv71M/MvrJ8avuzMRxonhIVsu8hOJTISyv9FIKM6MTC2hTAl7K2ITqigzNp2CDeHrU/Q/6VTKpFrGNxel5uUqjjycwCmcA4EaNOEaWtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+AVvSjdw=</latexit>y1

<latexit sha1_base64="1DSSv8Q8tffAFbHI6xExPZzCL9Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstyCXjxGNAskQ+jp9CRNeha6e4Qw5BO8eFDEq1/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7e2vrG5ld8u7Ozu7R8UD486OkoU420WyUj1PKq5FCFvG2Ek78WK08CTvOtNrzK/e8+VFlF4Z2YxdwM6DoUvGDVWup0NK8NiCZcxxoQQlBFSq2JLGo16hdQRySyLEqzQGhbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/7qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpk2oZ31yUmperOPJwAqdwDgRq0IRraEEbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BF1Wjd0=</latexit>y2

<latexit sha1_base64="D24gJe9C9MOhfoGxzXkP4YHzQVM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvQixcholkgGUJPpydp0rPQ3SMMIZ/gxYMiXv0ib/6NPUkEFX1Q8Hiviqp6XiyFNhh/OCura+sbm7mt/PbO7t5+4eCwraNEMd5ikYxU16OaSxHylhFG8m6sOA08yTve5DLzO/dcaRGFdyaNuRvQUSh8waix0m06uB4UiriEMSaEoIyQagVbUq/XyqSGSGZZFGGJ5qDw3h9GLAl4aJikWvcIjo07pcoIJvks3080jymb0BHvWRrSgGt3Oj91hk6tMkR+pGyFBs3V7xNTGmidBp7tDKgZ699eJv7l9RLj19ypCOPE8JAtFvmJRCZC2d9oKBRnRqaWUKaEvRWxMVWUGZtO3obw9Sn6n7TLJVIp4ZvzYuNiGUcOjuEEzoBAFRpwBU1oAYMRPMATPDvSeXRenNdF64qznDmCH3DePgGGQo34</latexit>yM

<latexit sha1_base64="3ZkNFfFDA5z9VErmytnFW1xJKO4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ie0IUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakoCjkaAxxUgb6U6FHgpzz5uFlapjXzRqnl+Dju04dddzC+LV/XMfukYpUAVLtMLK+2CY4IwToTFDSvVdJ9VBjqSmmJFZeZApkiI8QSPSN1QgTlSQzw+ewVOjDGGcSFNCw7n6fSJHXKkpj0wnR3qsfnuF+JfXz3TcCHIq0kwTgReL4oxBncDiezikkmDNpoYgLKm5FeIxkghrk1HZhPD1KfyfdDzbrdnOjV9tXi7jKIFjcALOgAvqoAmuQQu0AQYcPIAn8GxJ69F6sV4XrSvWcuYI/ID19gmDBZA7</latexit>s2a22

<latexit sha1_base64="BJirZuVlp2Wlnb0wJqyOoKJBwHU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/4LjZs=</latexit>n1

<latexit sha1_base64="giu9PB34RS4+iQ3o+Z3cINxIoxY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9Wv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwD/j42c</latexit>n2

<latexit sha1_base64="N6KF4F5Rlc8AZIrfufiRH77ycCc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRixehov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHmTvrleuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOpdVN3780rtOo+jCEdwDKfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz8oio23</latexit>nM

Andreas Koutrouvelis 21

<latexit sha1_base64="5lscRUhqDXV1GBM2kvymGd6zFCo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQzIt7bgrunFZwT5gOgyZNNOGZh4kGaEM/Qw3LhRx69e4829MH4KKHrhwOOde7r0nzARXGqEPa219Y3Nru7RT3t3bPzisHB13VZpLyjo0Fansh0QxwRPW0VwL1s8kI3EoWC+cXM/93j2TiqfJnZ5mzI/JKOERp0QbyVNBgWckKBw8CypVZNdrzYbjQmRfItxENUNwzXWxA7GNFqiCFdpB5X0wTGkes0RTQZTyMMq0XxCpORVsVh7kimWETsiIeYYmJGbKLxYnz+C5UYYwSqWpRMOF+n2iILFS0zg0nTHRY/Xbm4t/eV6uI9cveJLlmiV0uSjKBdQpnP8Ph1wyqsXUEEIlN7dCOiaSUG1SKpsQvj6F/5OuY+OGjW7r1dbVKo4SOAVn4AJg0AQtcAPaoAMoSMEDeALPlrYerRfrddm6Zq1mTsAPWG+fVFSRTA==</latexit>s1a21

<latexit sha1_base64="XmdKavcKUzTESgJHgVNQo5icoy4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ie0IUymk3bozCTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57opRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgiexFShFFB2ppqRnqpJIhHjHSjyVXhd++JVDQRt3qakoCjkaAxxUgb6U6FHgpz15uFlapjXzRqnl+Dju04dddzC+LV/XMfukYpUAVLtMLK+2CY4IwToTFDSvVdJ9VBjqSmmJFZeZApkiI8QSPSN1QgTlSQzw+ewVOjDGGcSFNCw7n6fSJHXKkpj0wnR3qsfnuF+JfXz3TcCHIq0kwTgReL4oxBncDiezikkmDNpoYgLKm5FeIxkghrk1HZhPD1KfyfdDzbrdnOjV9tXi7jKIFjcALOgAvqoAmuQQu0AQYcPIAn8GxJ69F6sV4XrSvWcuYI/ID19gmBf5A6</latexit>s2a12

<latexit sha1_base64="NqeQ1srJdsl6imD99qX2h5RYdv0=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MaNUME+YDoMmTRtQzMPkoxQhvkMNy4UcevXuPNvTB+Cih64cDjnXu69J0gEVxqhD6uwtr6xuVXcLu3s7u0flA+PuipOJWUdGotY9gOimOAR62iuBesnkpEwEKwXTK/mfu+eScXj6E7PEuaFZBzxEadEG8lVfoZz4mc3OPfLFWTXa81G1YHIvkC4iWqG4Jrj4CrENlqgAlZo++X3wTCmacgiTQVRysUo0V5GpOZUsLw0SBVLCJ2SMXMNjUjIlJctTs7hmVGGcBRLU5GGC/X7REZCpWZhYDpDoifqtzcX//LcVI8cL+NRkmoW0eWiUSqgjuH8fzjkklEtZoYQKrm5FdIJkYRqk1LJhPD1KfyfdKs2btjotl5pXa7iKIITcArOAQZN0ALXoA06gIIYPIAn8Gxp69F6sV6XrQVrNXMMfsB6+wR9dpFn</latexit>s1aM1
<latexit sha1_base64="R8G6kAhxuMOOrNPaBcHFl85RMGE=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGAf0oYwmU7boTNJmJkIJfQr3LhQxK2f486/cdJWUNEDFw7n3Mu994QJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26IFeUsoi3NNKfdRFIsQk474eQy9zv3VCoWR7d6mlBf4FHEhoxgbaQ7Fbg4yK7dWVCuIPu8XnW9KkQ2QjXHdXLi1rwzDzpGyVEBSzSD8nt/EJNU0EgTjpXqOSjRfoalZoTTWamfKppgMsEj2jM0woIqP5sfPIMnRhnAYSxNRRrO1e8TGRZKTUVoOgXWY/Xby8W/vF6qh3U/Y1GSahqRxaJhyqGOYf49HDBJieZTQzCRzNwKyRhLTLTJqGRC+PoU/k/aru1UbXTjVRoXyziK4Agcg1PggBpogCvQBC1AgAAP4Ak8W9J6tF6s10VrwVrOHIIfsN4+AawnkFY=</latexit>s2aM2

Approximation!!!: DFT multiplication means circular convolution in time 
domain. If the FFT size is large enough the circular convolution (after 
computing the IFFT) becomes a good approximation of the linear 
convolution.



Multi-microphone signal model in frequency domain for a 
single frequency bin using matrices and vectors

…

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

acoustic transfer function

source 1 DFT:

source 2 DFT:

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2

<latexit sha1_base64="MlnbA9u9GT+fnv8k2KNUy+zU6ZQ="></latexit>2

6666666664

y1

y2

...

yM

3

7777777775

<latexit sha1_base64="J16CJqBvhLHDjfyLcRD9B5cxvRE="></latexit>2

6666666664

n1

n2

...

nM

3

7777777775

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

Andreas Koutrouvelis 22

<latexit sha1_base64="ceYTpyoyYOoQue80GjqdW2phMlY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MZlBfuAdiiZNNPGZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57gkRwbRD6cHJr6xubW/ntws7u3v5B8fCoreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcjX3O/dMaR7LWzNNmB+RkeQhp8RYqU0GGcazQbGE3GqlXit7ELkXCNdRxRJc8TxchthFC5TACs1B8b0/jGkaMWmoIFr3MEqMnxFlOBVsVuinmiWETsiI9SyVJGLazxbXzuCZVYYwjJUtaeBC/T6RkUjraRTYzoiYsf7tzcW/vF5qQs/PuExSwyRdLgpTAU0M56/DIVeMGjG1hFDF7a2Qjoki1NiACjaEr0/h/6RddnHNRTfVUuNyFUcenIBTcA4wqIMGuAZN0AIU3IEH8ASendh5dF6c12VrzlnNHIMfcN4+AYl6jx4=</latexit>a11

<latexit sha1_base64="dr7W76omB7QuStMEZSgBXZpXBlI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrif+f6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgqqPGQ==</latexit>a22

<latexit sha1_base64="CtJpYziKEqZskbNbd2pTD+jKAwM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtacdd0Y3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57woQzbRD6cHJr6xubW/ntws7u3v5B8fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOruZ+554qzaS4NdOEBjEeCRYxgo2V2niQlb3ZoFhCbrVSr5V9iNwL5NVRxRKv4vteGXouWqAEVmgOiu/9oSRpTIUhHGvd81Biggwrwwins0I/1TTBZIJHtGepwDHVQba4dgbPrDKEkVS2hIEL9ftEhmOtp3FoO2Nsxvq3Nxf/8nqpifwgYyJJDRVkuShKOTQSzl+HQ6YoMXxqCSaK2VshGWOFibEBFWwIX5/C/0m77Ho1F91US43LVRx5cAJOwTnwQB00wDVoghYg4A48gCfw7Ejn0XlxXpetOWc1cwx+wHn7BIsAjx8=</latexit>a21
<latexit sha1_base64="0QR0qdiSQWbIrPR3MHfIF9ZcbB0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6Yt7bgrunEjVLAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh7Oyura+sZnbym/v7O7tFw4OW1qmitAmkVyqTog15UzQpmGG006iKI5DTtvh+HLmt++p0kyKWzNJaBDjoWARI9hYqYX72bU37ReKyK2Ua9WSD5F7jrwaKlvilX3fK0HPRXMUwRKNfuG9N5AkjakwhGOtux5KTJBhZRjhdJrvpZommIzxkHYtFTimOsjm107hqVUGMJLKljBwrn6fyHCs9SQObWeMzUj/9mbiX143NZEfZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oLwN4etT+D9plVyv6qKbSrF+sYwjB47BCTgDHqiBOrgCDdAEBNyBB/AEnh3pPDovzuuidcVZzhyBH3DePgG0Io86</latexit>aM1

<latexit sha1_base64="HrE4DY9i192v+ZV15B4tZ9h1JE4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrifef6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgSSPGA==</latexit>a12

<latexit sha1_base64="c1X77b31T8YWjAUMhLViyDACMLM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPaEOZTCft2MlMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20lUolJCwsmZDdEijDKSUtTzUg3kQTFISOdcHKZ+517IhUV/FZPExLEaMRpRDHSRmqjQXbtzQblimOf16ueX4WO7Tg113Nz4tX8Mx+6RslRAUs0B+X3/lDgNCZcY4aU6rlOooMMSU0xI7NSP1UkQXiCRqRnKEcxUUE2v3YGT4wyhJGQpriGc/X7RIZipaZxaDpjpMfqt5eLf3m9VEf1IKM8STXheLEoShnUAuavwyGVBGs2NQRhSc2tEI+RRFibgEomhK9P4f+k7dlu1XZu/ErjYhlHERyBY3AKXFADDXAFmqAFMLgDD+AJPFvCerRerNdFa8FazhyCH7DePgGrzI80</latexit>aM2

<latexit sha1_base64="Ga4eg98Vbheeb7u31xQeAvUr2uI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1cS8bsWmvXPGr/hxolQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0zGeEA7jkosqAmz+bVTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MY3YcZkkloqyWJRnHJkFZq9jvpMU2L5xBFMNHO3IjLEGhPrAiq5EILll1dJ86IaXFX9h8tK7TaPowgncArnEMA11OAe6tAAAiN4hld485T34r17H4vWgpfPHMMfeJ8/y36PRg==</latexit>aji

mic.
index

source
index

<latexit sha1_base64="d6q+esG4lAyulJv9wSwRlY3zvK8="></latexit>

s1

2

6666666664

a11

a21

...

aM1

3

7777777775

<latexit sha1_base64="m2r9fzRt5BqGJql9eBV4KOoylG8="></latexit>

s2

2

6666666664

a12

a22

...

aM2

3

7777777775



Multi-microphone signal model in frequency domain for a 
single frequency bin using matrices and vectors

…

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

acoustic transfer function

source 1 DFT:

source 2 DFT:

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2
<latexit sha1_base64="tPbTHrMwN/PSRQqSKRiQctKMBTw=">AAAB+HicdVBLSwMxGMz6rPXRVY9egkXwtGy2te2x6MVjBfuAdlmy2Wwbmn2QZIW69Jd48aCIV3+KN/+N2baCig6EDDPfRybjp5xJZdsfxtr6xubWdmmnvLu3f1AxD496MskEoV2S8EQMfCwpZzHtKqY4HaSC4sjntO9Prwq/f0eFZEl8q2YpdSM8jlnICFZa8szKyE94IGeRviD2kGdWbeuigWqoCW2r1UROvaaJg5ya7UBk2QtUwQodz3wfBQnJIhorwrGUQ2Snys2xUIxwOi+PMklTTKZ4TIeaxjii0s0XwefwTCsBDBOhT6zgQv2+keNIFtn0ZITVRP72CvEvb5ipsOXmLE4zRWOyfCjMOFQJLFqAAROUKD7TBBPBdFZIJlhgonRXZV3C10/h/6TnWKhh2Tf1avtyVUcJnIBTcA4QaII2uAYd0AUEZOABPIFn4954NF6M1+XomrHaOQY/YLx9ArrIkyQ=</latexit>a1

<latexit sha1_base64="6+vqV6jUT7tNqcf54TvcSsD2OMs=">AAAB+HicdVDNS8MwHE3n15wfq3r0EhyCp9LWss3b0IvHCe4DtlLSNNvC0qYkqTDL/hIvHhTx6p/izf/GdJugog9CHu/9fuTlhSmjUtn2h1FaW9/Y3CpvV3Z29/ar5sFhV/JMYNLBnHHRD5EkjCako6hipJ8KguKQkV44vSr83h0RkvLkVs1S4sdonNARxUhpKTCrw5CzSM5ifUEUuIFZs62LZt316tC2bLvhuE5B3IZ37kFHKwVqYIV2YL4PI46zmCQKMyTlwLFT5edIKIoZmVeGmSQpwlM0JgNNExQT6eeL4HN4qpUIjrjQJ1FwoX7fyFEsi2x6MkZqIn97hfiXN8jUqOnnNEkzRRK8fGiUMag4LFqAERUEKzbTBGFBdVaIJ0ggrHRXFV3C10/h/6TrWk7dsm+8WutyVUcZHIMTcAYc0AAtcA3aoAMwyMADeALPxr3xaLwYr8vRkrHaOQI/YLx9Asfiky0=</latexit>a2
<latexit sha1_base64="1nJNLN7470nCr8UpV/fBq/gaFl0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWQymTY0k4xJplCGfocbF4q49WPc+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh61tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxXe53JlRpJsWjmSbUj/FQsIgRbKzk9wPJQz2N7YXEoFpz6+4caJV4BalBgeag+tUPJUljKgzhWOue5ybGz7AyjHA6q/RTTRNMxnhIe5YKHFPtZ/PQM3RmlRBFUtkjDJqrvzcyHOs8mZ2MsRnpZS8X//N6qYlu/IyJJDVUkMVDUcqRkShvAIVMUWL41BJMFLNZERlhhYmxPVVsCd7yl1dJ+6LuXdXdh8ta47aoowwncArn4ME1NOAemtACAk/wDK/w5kycF+fd+ViMlpxi5xj+wPn8AdNvkiI=</latexit>n<latexit sha1_base64="eL434GgETiGxgr2cNTdgaEITCvY=">AAAB9HicdVBLSwMxGMzWV62vqkcvwSJ4KkmRPm5FLx4r2Fpol5LNZtvQ7GZNsoVl6e/w4kERr/4Yb/4bs20FFR0IGWa+j0zGiwXXBqEPp7C2vrG5Vdwu7ezu7R+UD496WiaKsi6VQqq+RzQTPGJdw41g/VgxEnqC3XnTq9y/mzGluYxuTRozNyTjiAecEmMld+hJ4es0tBdMR+UKqiKEMMYwJ7hRR5a0Ws0abkKcWxYVsEJnVH4f+pImIYsMFUTrAUaxcTOiDKeCzUvDRLOY0CkZs4GlEQmZdrNF6Dk8s4oPA6nsiQxcqN83MhLqPJmdDImZ6N9eLv7lDRITNN2MR3FiWESXDwWJgEbCvAHoc8WoEaklhCpus0I6IYpQY3sq2RK+fgr/J71aFder6Oai0r5c1VEEJ+AUnAMMGqANrkEHdAEF9+ABPIFnZ+Y8Oi/O63K04Kx2jsEPOG+fMSCSYw==</latexit>y

bold-face lower-case letters for vectors Andreas Koutrouvelis 23

<latexit sha1_base64="Ga4eg98Vbheeb7u31xQeAvUr2uI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1cS8bsWmvXPGr/hxolQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0zGeEA7jkosqAmz+bVTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MY3YcZkkloqyWJRnHJkFZq9jvpMU2L5xBFMNHO3IjLEGhPrAiq5EILll1dJ86IaXFX9h8tK7TaPowgncArnEMA11OAe6tAAAiN4hld485T34r17H4vWgpfPHMMfeJ8/y36PRg==</latexit>aji

mic.
index

source
index

<latexit sha1_base64="ceYTpyoyYOoQue80GjqdW2phMlY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MZlBfuAdiiZNNPGZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57gkRwbRD6cHJr6xubW/ntws7u3v5B8fCoreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcjX3O/dMaR7LWzNNmB+RkeQhp8RYqU0GGcazQbGE3GqlXit7ELkXCNdRxRJc8TxchthFC5TACs1B8b0/jGkaMWmoIFr3MEqMnxFlOBVsVuinmiWETsiI9SyVJGLazxbXzuCZVYYwjJUtaeBC/T6RkUjraRTYzoiYsf7tzcW/vF5qQs/PuExSwyRdLgpTAU0M56/DIVeMGjG1hFDF7a2Qjoki1NiACjaEr0/h/6RddnHNRTfVUuNyFUcenIBTcA4wqIMGuAZN0AIU3IEH8ASendh5dF6c12VrzlnNHIMfcN4+AYl6jx4=</latexit>a11

<latexit sha1_base64="dr7W76omB7QuStMEZSgBXZpXBlI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrif+f6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgqqPGQ==</latexit>a22

<latexit sha1_base64="CtJpYziKEqZskbNbd2pTD+jKAwM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtacdd0Y3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57woQzbRD6cHJr6xubW/ntws7u3v5B8fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOruZ+554qzaS4NdOEBjEeCRYxgo2V2niQlb3ZoFhCbrVSr5V9iNwL5NVRxRKv4vteGXouWqAEVmgOiu/9oSRpTIUhHGvd81Biggwrwwins0I/1TTBZIJHtGepwDHVQba4dgbPrDKEkVS2hIEL9ftEhmOtp3FoO2Nsxvq3Nxf/8nqpifwgYyJJDRVkuShKOTQSzl+HQ6YoMXxqCSaK2VshGWOFibEBFWwIX5/C/0m77Ho1F91US43LVRx5cAJOwTnwQB00wDVoghYg4A48gCfw7Ejn0XlxXpetOWc1cwx+wHn7BIsAjx8=</latexit>a21
<latexit sha1_base64="0QR0qdiSQWbIrPR3MHfIF9ZcbB0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6Yt7bgrunEjVLAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh7Oyura+sZnbym/v7O7tFw4OW1qmitAmkVyqTog15UzQpmGG006iKI5DTtvh+HLmt++p0kyKWzNJaBDjoWARI9hYqYX72bU37ReKyK2Ua9WSD5F7jrwaKlvilX3fK0HPRXMUwRKNfuG9N5AkjakwhGOtux5KTJBhZRjhdJrvpZommIzxkHYtFTimOsjm107hqVUGMJLKljBwrn6fyHCs9SQObWeMzUj/9mbiX143NZEfZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oLwN4etT+D9plVyv6qKbSrF+sYwjB47BCTgDHqiBOrgCDdAEBNyBB/AEnh3pPDovzuuidcVZzhyBH3DePgG0Io86</latexit>aM1

<latexit sha1_base64="HrE4DY9i192v+ZV15B4tZ9h1JE4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrifef6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgSSPGA==</latexit>a12

<latexit sha1_base64="c1X77b31T8YWjAUMhLViyDACMLM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPaEOZTCft2MlMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20lUolJCwsmZDdEijDKSUtTzUg3kQTFISOdcHKZ+517IhUV/FZPExLEaMRpRDHSRmqjQXbtzQblimOf16ueX4WO7Tg113Nz4tX8Mx+6RslRAUs0B+X3/lDgNCZcY4aU6rlOooMMSU0xI7NSP1UkQXiCRqRnKEcxUUE2v3YGT4wyhJGQpriGc/X7RIZipaZxaDpjpMfqt5eLf3m9VEf1IKM8STXheLEoShnUAuavwyGVBGs2NQRhSc2tEI+RRFibgEomhK9P4f+k7dlu1XZu/ErjYhlHERyBY3AKXFADDXAFmqAFMLgDD+AJPFvCerRerNdFa8FazhyCH7DePgGrzI80</latexit>aM2

<latexit sha1_base64="MlnbA9u9GT+fnv8k2KNUy+zU6ZQ="></latexit>2

6666666664

y1

y2

...

yM

3

7777777775

<latexit sha1_base64="J16CJqBvhLHDjfyLcRD9B5cxvRE="></latexit>2

6666666664

n1

n2

...

nM

3

7777777775

<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+
<latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=

<latexit sha1_base64="d6q+esG4lAyulJv9wSwRlY3zvK8="></latexit>

s1

2

6666666664

a11

a21

...

aM1

3

7777777775

<latexit sha1_base64="m2r9fzRt5BqGJql9eBV4KOoylG8="></latexit>

s2

2

6666666664

a12

a22

...

aM2

3

7777777775



Multi-microphone signal model in frequency domain for a 
single frequency bin using matrices and vectors

…

<latexit sha1_base64="3jpQ1YyLnBKqMLwsFEdWTt71y2s=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4CokIuqy6MZlBXuBNpbJdNIOnUzCzIlYQtz4Km5cKOLWt3Dn2zhts9DWHwY+/nMOZ84fJIJrcN1va2FxaXlltbRWXt/Y3Nq2d3YbOk4VZXUai1i1AqKZ4JLVgYNgrUQxEgWCNYPh1bjevGdK81jewihhfkT6koecEjBW19737jrAHiDTkOMp4YhTJ+/aFddxJ8Lz4BVQQYVqXfur04tpGjEJVBCt256bgJ8RBZwKlpc7qWYJoUPSZ22DkkRM+9nkghwfGaeHw1iZJwFP3N8TGYm0HkWB6YwIDPRsbWz+V2unEF74GZdJCkzS6aIwFRhiPI4D97hiFMTIAKGKm79iOiCKUDChlU0I3uzJ89A4cbwzx705rVQvizhK6AAdomPkoXNURdeohuqIokf0jF7Rm/VkvVjv1se0dcEqZvbQH1mfP4W9lu8=</latexit>

1st mic.

<latexit sha1_base64="S/0LkN9T8NJ0lFb0KkR/Gp5lObM=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFchEVGXRTduhAr2Am0sk+mkHTqThJkTsYS48VXcuFDErW/hzrdxello6w8DH/85hzPnDxLBNbjut1VYWFxaXimultbWNza37O2duo5TRVmNxiJWzYBoJnjEasBBsGaiGJGBYI1gcDmqN+6Z0jyObmGYMF+SXsRDTgkYq2PvXd+1gT1ABv0cTwhLTp28Y5ddxx0Lz4M3hTKaqtqxv9rdmKaSRUAF0brluQn4GVHAqWB5qZ1qlhA6ID3WMhgRybSfjS/I8aFxujiMlXkR4LH7eyIjUuuhDEynJNDXs7WR+V+tlUJ47mc8SlJgEZ0sClOBIcajOHCXK0ZBDA0Qqrj5K6Z9oggFE1rJhODNnjwP9WPHO3Xcm5Ny5WIaRxHtowN0hDx0hiroClVRDVH0iJ7RK3qznqwX6936mLQWrOnMLvoj6/MHoWyXAA==</latexit>

M th mic.

acoustic transfer function

source 1 DFT:

source 2 DFT:

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2

<latexit sha1_base64="eL434GgETiGxgr2cNTdgaEITCvY=">AAAB9HicdVBLSwMxGMzWV62vqkcvwSJ4KkmRPm5FLx4r2Fpol5LNZtvQ7GZNsoVl6e/w4kERr/4Yb/4bs20FFR0IGWa+j0zGiwXXBqEPp7C2vrG5Vdwu7ezu7R+UD496WiaKsi6VQqq+RzQTPGJdw41g/VgxEnqC3XnTq9y/mzGluYxuTRozNyTjiAecEmMld+hJ4es0tBdMR+UKqiKEMMYwJ7hRR5a0Ws0abkKcWxYVsEJnVH4f+pImIYsMFUTrAUaxcTOiDKeCzUvDRLOY0CkZs4GlEQmZdrNF6Dk8s4oPA6nsiQxcqN83MhLqPJmdDImZ6N9eLv7lDRITNN2MR3FiWESXDwWJgEbCvAHoc8WoEaklhCpus0I6IYpQY3sq2RK+fgr/J71aFder6Oai0r5c1VEEJ+AUnAMMGqANrkEHdAEF9+ABPIFnZ+Y8Oi/O63K04Kx2jsEPOG+fMSCSYw==</latexit>y <latexit sha1_base64="01BPu0vwer2JPsO7kDATSrSPNDs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcyuMtA==</latexit>

+<latexit sha1_base64="q62dyPQm+YvkESO21HKPV3T9bqQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI5zjMY=</latexit>=
<latexit sha1_base64="KlmeXEEEBKUOddKFuydiG32/CCs="></latexit>⇥
a1 a2

⇤<latexit sha1_base64="SccnjdlvySN5EuErDneCEj9uJ40="></latexit>
s1
s2

�

<latexit sha1_base64="ZEaWjX4Ohuw0a4Mkgr/wQldcJIQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuqG5cV7APbUjJppg3NZIbkjlCG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHj6Uw6LrfTmFldW19o7hZ2tre2d0r7x80TZRoxhsskpFu+9RwKRRvoEDJ27HmNPQlb/nj28xvPXFtRKQecBLzXkiHSgSCUbTSYzekOPKD9HraL1fcqjsDWSZeTiqQo94vf3UHEUtCrpBJakzHc2PspVSjYJJPS93E8JiyMR3yjqWKhtz00lniKTmxyoAEkbZPIZmpvzdSGhozCX07mSU0i14m/ud1EgyueqlQcYJcsflHQSIJRiQ7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/x5GXSPKt6F1X3/rxSu8nrKMIRHMMpeHAJNbiDOjSAgYJneIU3xzgvzrvzMR8tOPnOIfyB8/kDq0yQ6g==</latexit>

A
<latexit sha1_base64="NvHiHiYy0NzEPnYStWOk5jigdLs=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVhpqf9as2tuzOQZeIVpAYFmv3qV28QszRCaZigWnc9NzF+RpXhTOC00ks1JpSN6RC7lkoaofazWeIpObHKgISxsk8aMlN/b2Q00noSBXYyT6gXvVz8z+umJrzyMy6T1KBk84/CVBATk/x8MuAKmRETSyhT3GYlbEQVZcaWVLEleIsnL5P2Wd27qLt357XGdVFHGY7gGE7Bg0towC00oQUMJDzDK7w52nlx3p2P+WjJKXYO4Q+czx/3RpEc</latexit>s

bold-face lower-case letters for vectors
bold-face upper-case letters for matrices

<latexit sha1_base64="1nJNLN7470nCr8UpV/fBq/gaFl0=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWQymTY0k4xJplCGfocbF4q49WPc+Tdm2llo64GQwzn3kpMTJJxp47rfTmltfWNzq7xd2dnd2z+oHh61tUwVoS0iuVTdAGvKmaAtwwyn3URRHAecdoLxXe53JlRpJsWjmSbUj/FQsIgRbKzk9wPJQz2N7YXEoFpz6+4caJV4BalBgeag+tUPJUljKgzhWOue5ybGz7AyjHA6q/RTTRNMxnhIe5YKHFPtZ/PQM3RmlRBFUtkjDJqrvzcyHOs8mZ2MsRnpZS8X//N6qYlu/IyJJDVUkMVDUcqRkShvAIVMUWL41BJMFLNZERlhhYmxPVVsCd7yl1dJ+6LuXdXdh8ta47aoowwncArn4ME1NOAemtACAk/wDK/w5kycF+fd+ViMlpxi5xj+wPn8AdNvkiI=</latexit>n

<latexit sha1_base64="IxC+N32vsXRsEFVURKwzKSTxr/8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04kWoYD+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W09cGxGrBxwn3I/oQIlQMIpWerwjXRQRN6TaK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JF7Ro/m108IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDaloQ/AWX14mzWrFu6i49+fl2nUeRwGO4QTOwINLqMEt1KEBDBQ8wyu8OcZ5cd6dj3nripPPHMEfOJ8/dgCQIA==</latexit>

M ⇥ 2
<latexit sha1_base64="CgM+SRB99Yu8/rZ4ZDovQ8+AdC0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IV6/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1a/xsfvGUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbvk4HQnKGcWEKZFvZWwkZUU4Y2pJINwVt+eZW0alXvsureX1TqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ASp2QBA==</latexit>

2⇥ 1
<latexit sha1_base64="DHMtr7IqFfXkCZodakbOoDEKF3k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRixehgv3ANpTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWDzhOuB/RgRKhYBSt9HhHuigibojXK1fcqjsDWSZeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x1JF7Ro/m108ISdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDalkQ/AWX14mzbOqd1F1788rtes8jiIcwTGcggeXUINbqEMDGCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/dHyQHw==</latexit>

M ⇥ 1
<latexit sha1_base64="DHMtr7IqFfXkCZodakbOoDEKF3k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRixehgv3ANpTNdtMu3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWDzhOuB/RgRKhYBSt9HhHuigibojXK1fcqjsDWSZeTiqQo94rf3X7MUsjrpBJakzHcxP0M6pRMMknpW5qeELZiA54x1JF7Ro/m108ISdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xwys+ESlLkis0XhakkGJPp+6QvNGcox5ZQpoW9lbAh1ZShDalkQ/AWX14mzbOqd1F1788rtes8jiIcwTGcggeXUINbqEMDGCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/dHyQHw==</latexit>

M ⇥ 1

Andreas Koutrouvelis 24

<latexit sha1_base64="Ga4eg98Vbheeb7u31xQeAvUr2uI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1cS8bsWmvXPGr/hxolQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDotdVNDE0zGeEA7jkosqAmz+bVTdOaUPoqVdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MY3YcZkkloqyWJRnHJkFZq9jvpMU2L5xBFMNHO3IjLEGhPrAiq5EILll1dJ86IaXFX9h8tK7TaPowgncArnEMA11OAe6tAAAiN4hld485T34r17H4vWgpfPHMMfeJ8/y36PRg==</latexit>aji

mic.
index

source
index

<latexit sha1_base64="ceYTpyoyYOoQue80GjqdW2phMlY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GpK2tOOu6MZlBfuAdiiZNNPGZjJDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57gkRwbRD6cHJr6xubW/ntws7u3v5B8fCoreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gcjX3O/dMaR7LWzNNmB+RkeQhp8RYqU0GGcazQbGE3GqlXit7ELkXCNdRxRJc8TxchthFC5TACs1B8b0/jGkaMWmoIFr3MEqMnxFlOBVsVuinmiWETsiI9SyVJGLazxbXzuCZVYYwjJUtaeBC/T6RkUjraRTYzoiYsf7tzcW/vF5qQs/PuExSwyRdLgpTAU0M56/DIVeMGjG1hFDF7a2Qjoki1NiACjaEr0/h/6RddnHNRTfVUuNyFUcenIBTcA4wqIMGuAZN0AIU3IEH8ASendh5dF6c12VrzlnNHIMfcN4+AYl6jx4=</latexit>a11

<latexit sha1_base64="dr7W76omB7QuStMEZSgBXZpXBlI=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrif+f6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgqqPGQ==</latexit>a22

<latexit sha1_base64="CtJpYziKEqZskbNbd2pTD+jKAwM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtacdd0Y3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CGo6IELh3Pu5d57woQzbRD6cHJr6xubW/ntws7u3v5B8fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOruZ+554qzaS4NdOEBjEeCRYxgo2V2niQlb3ZoFhCbrVSr5V9iNwL5NVRxRKv4vteGXouWqAEVmgOiu/9oSRpTIUhHGvd81Biggwrwwins0I/1TTBZIJHtGepwDHVQba4dgbPrDKEkVS2hIEL9ftEhmOtp3FoO2Nsxvq3Nxf/8nqpifwgYyJJDRVkuShKOTQSzl+HQ6YoMXxqCSaK2VshGWOFibEBFWwIX5/C/0m77Ho1F91US43LVRx5cAJOwTnwQB00wDVoghYg4A48gCfw7Ejn0XlxXpetOWc1cwx+wHn7BIsAjx8=</latexit>a21
<latexit sha1_base64="0QR0qdiSQWbIrPR3MHfIF9ZcbB0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6Yt7bgrunEjVLAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh7Oyura+sZnbym/v7O7tFw4OW1qmitAmkVyqTog15UzQpmGG006iKI5DTtvh+HLmt++p0kyKWzNJaBDjoWARI9hYqYX72bU37ReKyK2Ua9WSD5F7jrwaKlvilX3fK0HPRXMUwRKNfuG9N5AkjakwhGOtux5KTJBhZRjhdJrvpZommIzxkHYtFTimOsjm107hqVUGMJLKljBwrn6fyHCs9SQObWeMzUj/9mbiX143NZEfZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oLwN4etT+D9plVyv6qKbSrF+sYwjB47BCTgDHqiBOrgCDdAEBNyBB/AEnh3pPDovzuuidcVZzhyBH3DePgG0Io86</latexit>aM1

<latexit sha1_base64="HrE4DY9i192v+ZV15B4tZ9h1JE4=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvYTDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqRFhTzgRtGmY47SSK4jjitB1NrnK/fU+VZlLcmmlCwxiPBBsygo2VWrifef6sXyoj96JW8YMKRC5CVc/3cuJXg/MAelbJUQZLNPql995AkjSmwhCOte56KDFhhpVhhNNZsZdqmmAywSPatVTgmOowm187g6dWGcChVLaEgXP1+0SGY62ncWQ7Y2zG+reXi3953dQMa2HGRJIaKshi0TDl0EiYvw4HTFFi+NQSTBSzt0IyxgoTYwMq2hC+PoX/k5bvehUX3QTl+uUyjgI4BifgDHigCurgGjRAExBwBx7AE3h2pPPovDivi9YVZzlzBH7AefsEgSSPGA==</latexit>a12

<latexit sha1_base64="c1X77b31T8YWjAUMhLViyDACMLM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunEjVLAPaEOZTCft2MlMmJkIJfQf3LhQxK3/486/cdJWUNEDFw7n3Mu994QJo0o7zodVWFldW98obpa2tnd298r7B20lUolJCwsmZDdEijDKSUtTzUg3kQTFISOdcHKZ+517IhUV/FZPExLEaMRpRDHSRmqjQXbtzQblimOf16ueX4WO7Tg113Nz4tX8Mx+6RslRAUs0B+X3/lDgNCZcY4aU6rlOooMMSU0xI7NSP1UkQXiCRqRnKEcxUUE2v3YGT4wyhJGQpriGc/X7RIZipaZxaDpjpMfqt5eLf3m9VEf1IKM8STXheLEoShnUAuavwyGVBGs2NQRhSc2tEI+RRFibgEomhK9P4f+k7dlu1XZu/ErjYhlHERyBY3AKXFADDXAFmqAFMLgDD+AJPFvCerRerNdFa8FazhyCH7DePgGrzI80</latexit>aM2



Multi-microphone signal model in frequency domain with         
sources

<latexit sha1_base64="e7LsozwbheRe9D59S3nP+PAIBLI=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIsgCHVGRN0IVTcuK9gHtEPJpJk2NJMZkoxQhvkMN/6KGxeKuO3OvzFtR9HWA4Fzz7mX3Hu8iDOlbfvTyi0sLi2v5FcLa+sbm1vF7Z26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBzdhvPFCpWCju9TCiboB7gvmMYG2kTvG4HWDd9/xkmKJL9F1cpT9UpejopxBpp1iyy/YEaJ44GSlBhmqnOGp3QxIHVGjCsVItx460m2CpGeE0LbRjRSNMBrhHW4YKHFDlJpPDUnRglC7yQ2me0Gii/p5IcKDUMPBM53hDNeuNxf+8Vqz9CzdhIoo1FWT6kR9zpEM0Tgl1maRE86EhmEhmdkWkjyUm2mRZMCE4syfPk/pJ2Tkr23enpcp1Fkce9mAfDsGBc6jALVShBgQe4Rle4c16sl6sd+tj2pqzspld+ANr9AXN2qBB</latexit>

y = As+ n

<latexit sha1_base64="IC/lLDYtRi8M53viT8mo9OLlOVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6pereo2ryv1bh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A5WWNEQ==</latexit>r
<latexit sha1_base64="FAx3TIR99UXQFmsAFwE+pZHcbfs=">AAACLHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdVModOOygn1AU8NkOmmHTiZhZqKEkA9y468I4sIibv0OJ20K2nrgwuGce7n3Hi9iVCrLmhgrq2vrG5ulrfL2zu7evnlw2JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON27kfueRCElDfq+SiPQDNOTUpxgpLblmwwmQGnl+mmSwBh0ZB25Ka3b2kIpsbqHMpVDqOp8rPIOOoMORQkKET65ZsarWFHCZ2AWpgAJN13xzBiGOA8IVZkjKnm1Fqp8ioShmJCs7sSQRwmM0JD1NOQqI7KfTZzN4qpUB9EOhiys4VX9PpCiQMgk83ZlfKxe9XPzP68XKv+mnlEexIhzPFvkxgyqEeXJwQAXBiiWaICyovhXiERIIK51vWYdgL768TNoXVfuqat1dVurdIo4SOAYn4AzY4BrUwS1oghbA4Bm8gg8wMV6Md+PT+Jq1rhjFzBH4A+P7B+4fqVU=</latexit>

y =
rX

i=1

aisi + n !

<latexit sha1_base64="5nQAFg8r5HuD2NEjMQhRw5S8Ui8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BDdL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JF7Ro/m188JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ+2QgNGcoJ5ZQpoW9lbAR1ZShDalkQ/CWX14lrYuqV6u695eVeiePowgncArn4MEV1OEWGtAEBgqe4RXeHOO8OO/Ox6K14OQzx/AHzucP3Z6Qdg==</latexit>

M ⇥ r
<latexit sha1_base64="9zxd+BvgMvmgeUHaLEcZOA2kqvk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BCvX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWK2jV+Nr94Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCaz98lAaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1Z17y8r9U4eRxFO4BTOwYMrqMMtNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fexqQNQ==</latexit>

M ⇥ 1
<latexit sha1_base64="PXN7iyy2HrquI9X0GdTlDgP8dJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPbUDbbTbt0swm7EyGE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFrpUZM+iogb4g2qNbfuzkFWiVeQGhRoDqpf/WHM0ogrZJIa0/PcBP2cahRM8mmlnxqeUDahI96zVFG7xs/nF0/JmVWGJIy1LYVkrv6eyGlkTBYFtjOiODbL3kz8z+ulGN74uVBJilyxxaIwlQRjMnufDIXmDGVmCWVa2FsJG1NNGdqQKjYEb/nlVdK+qHtXdff+stboFnGU4QRO4Rw8uIYG3EETWsBAwTO8wptjnBfn3flYtJacYuYY/sD5/AG0e5Ba</latexit>

r ⇥ 1

Andreas Koutrouvelis 25



Multi-microphone signal model in frequency domain with         
sources<latexit sha1_base64="IC/lLDYtRi8M53viT8mo9OLlOVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6pereo2ryv1bh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A5WWNEQ==</latexit>r
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<latexit sha1_base64="MV04qP5ryO6sIDBOKYns9e7b4Y8="></latexit>

Py = E
⇥
(y � µy)(y � µy)

H
⇤

cross-power spectral density matrix

<latexit sha1_base64="e7LsozwbheRe9D59S3nP+PAIBLI=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIsgCHVGRN0IVTcuK9gHtEPJpJk2NJMZkoxQhvkMN/6KGxeKuO3OvzFtR9HWA4Fzz7mX3Hu8iDOlbfvTyi0sLi2v5FcLa+sbm1vF7Z26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBzdhvPFCpWCju9TCiboB7gvmMYG2kTvG4HWDd9/xkmKJL9F1cpT9UpejopxBpp1iyy/YEaJ44GSlBhmqnOGp3QxIHVGjCsVItx460m2CpGeE0LbRjRSNMBrhHW4YKHFDlJpPDUnRglC7yQ2me0Gii/p5IcKDUMPBM53hDNeuNxf+8Vqz9CzdhIoo1FWT6kR9zpEM0Tgl1maRE86EhmEhmdkWkjyUm2mRZMCE4syfPk/pJ2Tkr23enpcp1Fkce9mAfDsGBc6jALVShBgQe4Rle4c16sl6sd+tj2pqzspld+ANr9AXN2qBB</latexit>

y = As+ n

<latexit sha1_base64="FAx3TIR99UXQFmsAFwE+pZHcbfs=">AAACLHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdVModOOygn1AU8NkOmmHTiZhZqKEkA9y468I4sIibv0OJ20K2nrgwuGce7n3Hi9iVCrLmhgrq2vrG5ulrfL2zu7evnlw2JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON27kfueRCElDfq+SiPQDNOTUpxgpLblmwwmQGnl+mmSwBh0ZB25Ka3b2kIpsbqHMpVDqOp8rPIOOoMORQkKET65ZsarWFHCZ2AWpgAJN13xzBiGOA8IVZkjKnm1Fqp8ioShmJCs7sSQRwmM0JD1NOQqI7KfTZzN4qpUB9EOhiys4VX9PpCiQMgk83ZlfKxe9XPzP68XKv+mnlEexIhzPFvkxgyqEeXJwQAXBiiWaICyovhXiERIIK51vWYdgL768TNoXVfuqat1dVurdIo4SOAYn4AzY4BrUwS1oghbA4Bm8gg8wMV6Md+PT+Jq1rhjFzBH4A+P7B+4fqVU=</latexit>

y =
rX

i=1

aisi + n !

<latexit sha1_base64="5nQAFg8r5HuD2NEjMQhRw5S8Ui8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BDdL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JF7Ro/m188JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ+2QgNGcoJ5ZQpoW9lbAR1ZShDalkQ/CWX14lrYuqV6u695eVeiePowgncArn4MEV1OEWGtAEBgqe4RXeHOO8OO/Ox6K14OQzx/AHzucP3Z6Qdg==</latexit>

M ⇥ r
<latexit sha1_base64="9zxd+BvgMvmgeUHaLEcZOA2kqvk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BCvX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWK2jV+Nr94Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCaz98lAaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1Z17y8r9U4eRxFO4BTOwYMrqMMtNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fexqQNQ==</latexit>

M ⇥ 1
<latexit sha1_base64="PXN7iyy2HrquI9X0GdTlDgP8dJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPbUDbbTbt0swm7EyGE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFrpUZM+iogb4g2qNbfuzkFWiVeQGhRoDqpf/WHM0ogrZJIa0/PcBP2cahRM8mmlnxqeUDahI96zVFG7xs/nF0/JmVWGJIy1LYVkrv6eyGlkTBYFtjOiODbL3kz8z+ulGN74uVBJilyxxaIwlQRjMnufDIXmDGVmCWVa2FsJG1NNGdqQKjYEb/nlVdK+qHtXdff+stboFnGU4QRO4Rw8uIYG3EETWsBAwTO8wptjnBfn3flYtJacYuYY/sD5/AG0e5Ba</latexit>

r ⇥ 1



Multi-microphone signal model in frequency domain with         
sources<latexit sha1_base64="IC/lLDYtRi8M53viT8mo9OLlOVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6pereo2ryv1bh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A5WWNEQ==</latexit>r
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<latexit sha1_base64="X3lvuTOOC+A7a5/sQcuc/g07O68="></latexit>

Py = E
⇥
yyH

⇤
cross-power spectral density matrix if µy = 0

<latexit sha1_base64="e7LsozwbheRe9D59S3nP+PAIBLI=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIsgCHVGRN0IVTcuK9gHtEPJpJk2NJMZkoxQhvkMN/6KGxeKuO3OvzFtR9HWA4Fzz7mX3Hu8iDOlbfvTyi0sLi2v5FcLa+sbm1vF7Z26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBzdhvPFCpWCju9TCiboB7gvmMYG2kTvG4HWDd9/xkmKJL9F1cpT9UpejopxBpp1iyy/YEaJ44GSlBhmqnOGp3QxIHVGjCsVItx460m2CpGeE0LbRjRSNMBrhHW4YKHFDlJpPDUnRglC7yQ2me0Gii/p5IcKDUMPBM53hDNeuNxf+8Vqz9CzdhIoo1FWT6kR9zpEM0Tgl1maRE86EhmEhmdkWkjyUm2mRZMCE4syfPk/pJ2Tkr23enpcp1Fkce9mAfDsGBc6jALVShBgQe4Rle4c16sl6sd+tj2pqzspld+ANr9AXN2qBB</latexit>

y = As+ n

<latexit sha1_base64="FAx3TIR99UXQFmsAFwE+pZHcbfs=">AAACLHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdVModOOygn1AU8NkOmmHTiZhZqKEkA9y468I4sIibv0OJ20K2nrgwuGce7n3Hi9iVCrLmhgrq2vrG5ulrfL2zu7evnlw2JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON27kfueRCElDfq+SiPQDNOTUpxgpLblmwwmQGnl+mmSwBh0ZB25Ka3b2kIpsbqHMpVDqOp8rPIOOoMORQkKET65ZsarWFHCZ2AWpgAJN13xzBiGOA8IVZkjKnm1Fqp8ioShmJCs7sSQRwmM0JD1NOQqI7KfTZzN4qpUB9EOhiys4VX9PpCiQMgk83ZlfKxe9XPzP68XKv+mnlEexIhzPFvkxgyqEeXJwQAXBiiWaICyovhXiERIIK51vWYdgL768TNoXVfuqat1dVurdIo4SOAYn4AzY4BrUwS1oghbA4Bm8gg8wMV6Md+PT+Jq1rhjFzBH4A+P7B+4fqVU=</latexit>

y =
rX

i=1

aisi + n !

<latexit sha1_base64="5nQAFg8r5HuD2NEjMQhRw5S8Ui8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BDdL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JF7Ro/m188JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ+2QgNGcoJ5ZQpoW9lbAR1ZShDalkQ/CWX14lrYuqV6u695eVeiePowgncArn4MEV1OEWGtAEBgqe4RXeHOO8OO/Ox6K14OQzx/AHzucP3Z6Qdg==</latexit>

M ⇥ r
<latexit sha1_base64="9zxd+BvgMvmgeUHaLEcZOA2kqvk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BCvX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWK2jV+Nr94Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCaz98lAaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1Z17y8r9U4eRxFO4BTOwYMrqMMtNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fexqQNQ==</latexit>

M ⇥ 1
<latexit sha1_base64="PXN7iyy2HrquI9X0GdTlDgP8dJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPbUDbbTbt0swm7EyGE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFrpUZM+iogb4g2qNbfuzkFWiVeQGhRoDqpf/WHM0ogrZJIa0/PcBP2cahRM8mmlnxqeUDahI96zVFG7xs/nF0/JmVWGJIy1LYVkrv6eyGlkTBYFtjOiODbL3kz8z+ulGN74uVBJilyxxaIwlQRjMnufDIXmDGVmCWVa2FsJG1NNGdqQKjYEb/nlVdK+qHtXdff+stboFnGU4QRO4Rw8uIYG3EETWsBAwTO8wptjnBfn3flYtJacYuYY/sD5/AG0e5Ba</latexit>

r ⇥ 1



Multi-microphone signal model in frequency domain with         
sources<latexit sha1_base64="IC/lLDYtRi8M53viT8mo9OLlOVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6pereo2ryv1bh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A5WWNEQ==</latexit>r

Andreas Koutrouvelis 28

<latexit sha1_base64="sKG7X0PsF0QXrZxwPXEeA23dSHs="></latexit>

Py = E
⇥
yyH

⇤
=

rX

i=1

E [sis
⇤
i
]| {z }

pi

aia
H

i
+ E

⇥
nnH

⇤
| {z }

Pn

=
rX

i=1

piaia
H

i
+Pn

= APAH +Pn

<latexit sha1_base64="e7LsozwbheRe9D59S3nP+PAIBLI=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIsgCHVGRN0IVTcuK9gHtEPJpJk2NJMZkoxQhvkMN/6KGxeKuO3OvzFtR9HWA4Fzz7mX3Hu8iDOlbfvTyi0sLi2v5FcLa+sbm1vF7Z26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBzdhvPFCpWCju9TCiboB7gvmMYG2kTvG4HWDd9/xkmKJL9F1cpT9UpejopxBpp1iyy/YEaJ44GSlBhmqnOGp3QxIHVGjCsVItx460m2CpGeE0LbRjRSNMBrhHW4YKHFDlJpPDUnRglC7yQ2me0Gii/p5IcKDUMPBM53hDNeuNxf+8Vqz9CzdhIoo1FWT6kR9zpEM0Tgl1maRE86EhmEhmdkWkjyUm2mRZMCE4syfPk/pJ2Tkr23enpcp1Fkce9mAfDsGBc6jALVShBgQe4Rle4c16sl6sd+tj2pqzspld+ANr9AXN2qBB</latexit>

y = As+ n

<latexit sha1_base64="FAx3TIR99UXQFmsAFwE+pZHcbfs=">AAACLHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdVModOOygn1AU8NkOmmHTiZhZqKEkA9y468I4sIibv0OJ20K2nrgwuGce7n3Hi9iVCrLmhgrq2vrG5ulrfL2zu7evnlw2JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON27kfueRCElDfq+SiPQDNOTUpxgpLblmwwmQGnl+mmSwBh0ZB25Ka3b2kIpsbqHMpVDqOp8rPIOOoMORQkKET65ZsarWFHCZ2AWpgAJN13xzBiGOA8IVZkjKnm1Fqp8ioShmJCs7sSQRwmM0JD1NOQqI7KfTZzN4qpUB9EOhiys4VX9PpCiQMgk83ZlfKxe9XPzP68XKv+mnlEexIhzPFvkxgyqEeXJwQAXBiiWaICyovhXiERIIK51vWYdgL768TNoXVfuqat1dVurdIo4SOAYn4AzY4BrUwS1oghbA4Bm8gg8wMV6Md+PT+Jq1rhjFzBH4A+P7B+4fqVU=</latexit>

y =
rX

i=1

aisi + n !

<latexit sha1_base64="5nQAFg8r5HuD2NEjMQhRw5S8Ui8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BDdL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JF7Ro/m188JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ+2QgNGcoJ5ZQpoW9lbAR1ZShDalkQ/CWX14lrYuqV6u695eVeiePowgncArn4MEV1OEWGtAEBgqe4RXeHOO8OO/Ox6K14OQzx/AHzucP3Z6Qdg==</latexit>

M ⇥ r
<latexit sha1_base64="9zxd+BvgMvmgeUHaLEcZOA2kqvk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BCvX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWK2jV+Nr94Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCaz98lAaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1Z17y8r9U4eRxFO4BTOwYMrqMMtNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fexqQNQ==</latexit>

M ⇥ 1
<latexit sha1_base64="PXN7iyy2HrquI9X0GdTlDgP8dJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPbUDbbTbt0swm7EyGE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFrpUZM+iogb4g2qNbfuzkFWiVeQGhRoDqpf/WHM0ogrZJIa0/PcBP2cahRM8mmlnxqeUDahI96zVFG7xs/nF0/JmVWGJIy1LYVkrv6eyGlkTBYFtjOiODbL3kz8z+ulGN74uVBJilyxxaIwlQRjMnufDIXmDGVmCWVa2FsJG1NNGdqQKjYEb/nlVdK+qHtXdff+stboFnGU4QRO4Rw8uIYG3EETWsBAwTO8wptjnBfn3flYtJacYuYY/sD5/AG0e5Ba</latexit>

r ⇥ 1



Multi-microphone signal model in frequency domain with         
sources<latexit sha1_base64="IC/lLDYtRi8M53viT8mo9OLlOVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6pereo2ryv1bh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A5WWNEQ==</latexit>r
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<latexit sha1_base64="sKG7X0PsF0QXrZxwPXEeA23dSHs="></latexit>

Py = E
⇥
yyH

⇤
=

rX

i=1

E [sis
⇤
i
]| {z }

pi

aia
H

i
+ E

⇥
nnH

⇤
| {z }

Pn

=
rX

i=1

piaia
H

i
+Pn

= APAH +Pn

<latexit sha1_base64="e7LsozwbheRe9D59S3nP+PAIBLI=">AAACGHicbVDLSgMxFL1TX7W+qi7dBIsgCHVGRN0IVTcuK9gHtEPJpJk2NJMZkoxQhvkMN/6KGxeKuO3OvzFtR9HWA4Fzz7mX3Hu8iDOlbfvTyi0sLi2v5FcLa+sbm1vF7Z26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBzdhvPFCpWCju9TCiboB7gvmMYG2kTvG4HWDd9/xkmKJL9F1cpT9UpejopxBpp1iyy/YEaJ44GSlBhmqnOGp3QxIHVGjCsVItx460m2CpGeE0LbRjRSNMBrhHW4YKHFDlJpPDUnRglC7yQ2me0Gii/p5IcKDUMPBM53hDNeuNxf+8Vqz9CzdhIoo1FWT6kR9zpEM0Tgl1maRE86EhmEhmdkWkjyUm2mRZMCE4syfPk/pJ2Tkr23enpcp1Fkce9mAfDsGBc6jALVShBgQe4Rle4c16sl6sd+tj2pqzspld+ANr9AXN2qBB</latexit>

y = As+ n

<latexit sha1_base64="FAx3TIR99UXQFmsAFwE+pZHcbfs=">AAACLHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdVModOOygn1AU8NkOmmHTiZhZqKEkA9y468I4sIibv0OJ20K2nrgwuGce7n3Hi9iVCrLmhgrq2vrG5ulrfL2zu7evnlw2JZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON27kfueRCElDfq+SiPQDNOTUpxgpLblmwwmQGnl+mmSwBh0ZB25Ka3b2kIpsbqHMpVDqOp8rPIOOoMORQkKET65ZsarWFHCZ2AWpgAJN13xzBiGOA8IVZkjKnm1Fqp8ioShmJCs7sSQRwmM0JD1NOQqI7KfTZzN4qpUB9EOhiys4VX9PpCiQMgk83ZlfKxe9XPzP68XKv+mnlEexIhzPFvkxgyqEeXJwQAXBiiWaICyovhXiERIIK51vWYdgL768TNoXVfuqat1dVurdIo4SOAYn4AzY4BrUwS1oghbA4Bm8gg8wMV6Md+PT+Jq1rhjFzBH4A+P7B+4fqVU=</latexit>

y =
rX

i=1

aisi + n !

<latexit sha1_base64="5nQAFg8r5HuD2NEjMQhRw5S8Ui8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BDdL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JF7Ro/m188JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ+2QgNGcoJ5ZQpoW9lbAR1ZShDalkQ/CWX14lrYuqV6u695eVeiePowgncArn4MEV1OEWGtAEBgqe4RXeHOO8OO/Ox6K14OQzx/AHzucP3Z6Qdg==</latexit>

M ⇥ r
<latexit sha1_base64="9zxd+BvgMvmgeUHaLEcZOA2kqvk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCFy9CBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6fGO9FBE3BCvX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWK2jV+Nr94Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCaz98lAaM5QTiyhTAt7K2EjqilDG1LJhuAtv7xKWhdVr1Z17y8r9U4eRxFO4BTOwYMrqMMtNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fexqQNQ==</latexit>

M ⇥ 1
<latexit sha1_base64="PXN7iyy2HrquI9X0GdTlDgP8dJ4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPbUDbbTbt0swm7EyGE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFrpUZM+iogb4g2qNbfuzkFWiVeQGhRoDqpf/WHM0ogrZJIa0/PcBP2cahRM8mmlnxqeUDahI96zVFG7xs/nF0/JmVWGJIy1LYVkrv6eyGlkTBYFtjOiODbL3kz8z+ulGN74uVBJilyxxaIwlQRjMnufDIXmDGVmCWVa2FsJG1NNGdqQKjYEb/nlVdK+qHtXdff+stboFnGU4QRO4Rw8uIYG3EETWsBAwTO8wptjnBfn3flYtJacYuYY/sD5/AG0e5Ba</latexit>

r ⇥ 1

is a diagonal matrix because the 
microphone self noises are 
mutually uncorrelated.



Multi-microphone noise reduction
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Multi-microphone noise reduction

• Typically, in multi-microphone noise reduction we have one target. That is,

• The goal is to estimate the target       from the noisy DFT coefficients    . That is,

where          is the filter function, where in this presentation is linear. That is,

where        is the filter vector.

• We want to find a       such that  

<latexit sha1_base64="wPlh2bsowQALfhzjAZRaVHTNIzA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSE2WTar9bcujsDWSZeQWpQoNmvfvUGMUsjrpBJakzXcxP0M6pRMMmnlV5qeELZmA5511JFI278bJZ4Sk6sMiBhrO1TSGbq742MRsZMosBO5gnNopeL/3ndFMMrPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUsWW4C2evEzaZ3Xvou7endca10UdZTiCYzgFDy6hAbfQhBYwUPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAHORIg==</latexit>y<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1
<latexit sha1_base64="3hkcJV03G2qVuz7+G+JVyk38mo0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoiom6EghuXFewDmhAm00k7dDIJMxMhhCzc+CtuXCji1o9w5984abPQ1gMXDufcy733+DGjUlnWt1FZWV1b36hu1ra2d3b3zP2DnowSgUkXRywSAx9JwignXUUVI4NYEBT6jPT96U3h9x+IkDTi9yqNiRuiMacBxUhpyTPrzgSpTOaeDa9h0HRCpCZ+kKX5yWnNMxtWy5oBLhO7JA1QouOZX84owklIuMIMSTm0rVi5GRKKYkbympNIEiM8RWMy1JSjkEg3mz2Rw2OtjGAQCV1cwZn6eyJDoZRp6OvO4ki56BXif94wUcGVm1EeJ4pwPF8UJAyqCBaJwBEVBCuWaoKwoPpWiCdIIKx0bkUI9uLLy6R31rIvWtbdeaM9KOOogjo4Ak1gg0vQBregA7oAg0fwDF7Bm/FkvBjvxse8tWKUM4fgD4zPH/MdlxE=</latexit>

ŝ1 = f(y),
<latexit sha1_base64="KJt/1VrWmO3ytL8i6IwkG3y65No=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0hE1GPBi8cKpi20oWy2m3bp7ibsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tis71d29/YPD2tFxWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3BV+54kqzRL5aKYpDQUeSRYzgo2VgrjhXlQHtbrnenOgVeKXpA4lWoPaV3+YkExQaQjHWvd8LzVhjpVhhNNZtZ9pmmIywSPas1RiQXWYz4+doXOrDFGcKFvSoLn6eyLHQuupiGynwGasl71C/M/rZSa+DXMm08xQSRaL4owjk6DiczRkihLDp5Zgopi9FZExVpgYm08Rgr/88ippX7r+tes9XNWb3TKOCpzCGTTAhxtowj20IAACDJ7hFd4c6bw4787HonXNKWdO4A+czx85KI22</latexit>

f(.)
<latexit sha1_base64="f0mHT/aIZNo9EcJM5xiFcp+cJqc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURUTdCwU2XFewD2hgm00k7dDIJMxMlhPyAG3/FjQtF3Lp35984aYNo64GBM+fcy733eBGjUlnWl1FaWFxaXimvVtbWNza3zO2dtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88VXud+6IkDTkNyqJiBOgIac+xUhpyTUP+iOkUpm5NryE/QCpkeen99lt4+eTZMeuWbVq1gRwntgFqYICTdf87A9CHAeEK8yQlD3bipSTIqEoZiSr9GNJIoTHaEh6mnIUEOmkk2syeKiVAfRDoR9XcKL+7khRIGUSeLoyX1HOern4n9eLlX/hpJRHsSIcTwf5MYMqhHk0cEAFwYolmiAsqN4V4hESCCsdYEWHYM+ePE/aJzX7rGZdn1br3SKOMtgD++AI2OAc1EEDNEELYPAAnsALeDUejWfjzXiflpaMomcX/IHx8Q0h8put</latexit>

ŝ1 = wHy,
<latexit sha1_base64="pjtzvwifgmlsDZODX7YiW7muWC8=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMplO2qGTSZi5UUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilZ66EUUR0GYPU37lapbc2cgy8QrSBUKNPqVr94gZmnEFTJJjel6boJ+RjUKJvm03EsNTygb0yHvWqpoxI2fzRJPyalVBiSMtX0KyUz9vZHRyJhJFNjJPKFZ9HLxP6+bYnjtZ0IlKXLF5h+FqSQYk/x8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDBc/wCm+OcV6cd+djPrriFDtH8AfO5w8EB5E2</latexit>w

<latexit sha1_base64="pjtzvwifgmlsDZODX7YiW7muWC8=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMplO2qGTSZi5UUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilZ66EUUR0GYPU37lapbc2cgy8QrSBUKNPqVr94gZmnEFTJJjel6boJ+RjUKJvm03EsNTygb0yHvWqpoxI2fzRJPyalVBiSMtX0KyUz9vZHRyJhJFNjJPKFZ9HLxP6+bYnjtZ0IlKXLF5h+FqSQYk/x8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDBc/wCm+OcV6cd+djPrriFDtH8AfO5w8EB5E2</latexit>w

<latexit sha1_base64="MFNQluWMOybh7ggoIL/iPRjNxWo="></latexit>

y = a1s1|{z}
target

+
rX

i=2

aisi + n

| {z }
q: total noise
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<latexit sha1_base64="WiNIZ+qIcY4iDNNSknCQwVzCi/E="></latexit>

ŝ1 = wHy = wHa1s1| {z }
⇡s1

+wHq| {z }
⇡0

,



Multi-microphone noise reduction

• Typically, in multi-microphone noise reduction we have one target. That is,

• The goal is to estimate the target       from the noisy DFT coefficients    . That is,

where          is the filter function, where in this presentation is linear. That is,

where        is the filter vector.

• We want to find a       such that  

<latexit sha1_base64="wPlh2bsowQALfhzjAZRaVHTNIzA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSE2WTar9bcujsDWSZeQWpQoNmvfvUGMUsjrpBJakzXcxP0M6pRMMmnlV5qeELZmA5511JFI278bJZ4Sk6sMiBhrO1TSGbq742MRsZMosBO5gnNopeL/3ndFMMrPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUsWW4C2evEzaZ3Xvou7endca10UdZTiCYzgFDy6hAbfQhBYwUPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAHORIg==</latexit>y<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1
<latexit sha1_base64="3hkcJV03G2qVuz7+G+JVyk38mo0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoiom6EghuXFewDmhAm00k7dDIJMxMhhCzc+CtuXCji1o9w5984abPQ1gMXDufcy733+DGjUlnWt1FZWV1b36hu1ra2d3b3zP2DnowSgUkXRywSAx9JwignXUUVI4NYEBT6jPT96U3h9x+IkDTi9yqNiRuiMacBxUhpyTPrzgSpTOaeDa9h0HRCpCZ+kKX5yWnNMxtWy5oBLhO7JA1QouOZX84owklIuMIMSTm0rVi5GRKKYkbympNIEiM8RWMy1JSjkEg3mz2Rw2OtjGAQCV1cwZn6eyJDoZRp6OvO4ki56BXif94wUcGVm1EeJ4pwPF8UJAyqCBaJwBEVBCuWaoKwoPpWiCdIIKx0bkUI9uLLy6R31rIvWtbdeaM9KOOogjo4Ak1gg0vQBregA7oAg0fwDF7Bm/FkvBjvxse8tWKUM4fgD4zPH/MdlxE=</latexit>

ŝ1 = f(y),
<latexit sha1_base64="KJt/1VrWmO3ytL8i6IwkG3y65No=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0hE1GPBi8cKpi20oWy2m3bp7ibsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tis71d29/YPD2tFxWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3BV+54kqzRL5aKYpDQUeSRYzgo2VgrjhXlQHtbrnenOgVeKXpA4lWoPaV3+YkExQaQjHWvd8LzVhjpVhhNNZtZ9pmmIywSPas1RiQXWYz4+doXOrDFGcKFvSoLn6eyLHQuupiGynwGasl71C/M/rZSa+DXMm08xQSRaL4owjk6DiczRkihLDp5Zgopi9FZExVpgYm08Rgr/88ippX7r+tes9XNWb3TKOCpzCGTTAhxtowj20IAACDJ7hFd4c6bw4787HonXNKWdO4A+czx85KI22</latexit>

f(.)
<latexit sha1_base64="f0mHT/aIZNo9EcJM5xiFcp+cJqc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURUTdCwU2XFewD2hgm00k7dDIJMxMlhPyAG3/FjQtF3Lp35984aYNo64GBM+fcy733eBGjUlnWl1FaWFxaXimvVtbWNza3zO2dtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88VXud+6IkDTkNyqJiBOgIac+xUhpyTUP+iOkUpm5NryE/QCpkeen99lt4+eTZMeuWbVq1gRwntgFqYICTdf87A9CHAeEK8yQlD3bipSTIqEoZiSr9GNJIoTHaEh6mnIUEOmkk2syeKiVAfRDoR9XcKL+7khRIGUSeLoyX1HOern4n9eLlX/hpJRHsSIcTwf5MYMqhHk0cEAFwYolmiAsqN4V4hESCCsdYEWHYM+ePE/aJzX7rGZdn1br3SKOMtgD++AI2OAc1EEDNEELYPAAnsALeDUejWfjzXiflpaMomcX/IHx8Q0h8put</latexit>

ŝ1 = wHy,
<latexit sha1_base64="pjtzvwifgmlsDZODX7YiW7muWC8=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMplO2qGTSZi5UUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilZ66EUUR0GYPU37lapbc2cgy8QrSBUKNPqVr94gZmnEFTJJjel6boJ+RjUKJvm03EsNTygb0yHvWqpoxI2fzRJPyalVBiSMtX0KyUz9vZHRyJhJFNjJPKFZ9HLxP6+bYnjtZ0IlKXLF5h+FqSQYk/x8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDBc/wCm+OcV6cd+djPrriFDtH8AfO5w8EB5E2</latexit>w

<latexit sha1_base64="pjtzvwifgmlsDZODX7YiW7muWC8=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMplO2qGTSZi5UUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilZ66EUUR0GYPU37lapbc2cgy8QrSBUKNPqVr94gZmnEFTJJjel6boJ+RjUKJvm03EsNTygb0yHvWqpoxI2fzRJPyalVBiSMtX0KyUz9vZHRyJhJFNjJPKFZ9HLxP6+bYnjtZ0IlKXLF5h+FqSQYk/x8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDBc/wCm+OcV6cd+djPrriFDtH8AfO5w8EB5E2</latexit>w

<latexit sha1_base64="MFNQluWMOybh7ggoIL/iPRjNxWo="></latexit>

y = a1s1|{z}
target

+
rX

i=2

aisi + n

| {z }
q: total noise
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<latexit sha1_base64="WiNIZ+qIcY4iDNNSknCQwVzCi/E="></latexit>

ŝ1 = wHy = wHa1s1| {z }
⇡s1

+wHq| {z }
⇡0

,

<latexit sha1_base64="5S4c5ut/7XVNVrJerleMKuL9oAk=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBVUhqaOtCKLrpsoJ9QBvDZDpph04ezEyUErpx46+4caGIW//BnX/jpA9Q0QMXDufcy733eDGjQprmp5ZbWl5ZXcuvFzY2t7Z39N29logSjkkTRyziHQ8JwmhImpJKRjoxJyjwGGl7o8vMb98SLmgUXstxTJwADULqU4ykklz9sBcgOfT89G5yU19wNHEteA4tVy+axlm1XLLL0DRMs2KVrIyUKvapDS2lZCiCORqu/tHrRzgJSCgxQ0J0LTOWToq4pJiRSaGXCBIjPEID0lU0RAERTjr9YgKPldKHfsRVhRJO1e8TKQqEGAee6szuFL+9TPzL6ybSrzopDeNEkhDPFvkJgzKCWSSwTznBko0VQZhTdSvEQ8QRliq4ggph8Sn8n7RKhlU2zCu7WLuYx5EHB+AInAALVEAN1EEDNAEG9+ARPIMX7UF70l61t1lrTpvP7IMf0N6/ACBUmFI=</latexit>

wHa1 = 1



Multi-microphone noise reduction

<latexit sha1_base64="f0mHT/aIZNo9EcJM5xiFcp+cJqc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURUTdCwU2XFewD2hgm00k7dDIJMxMlhPyAG3/FjQtF3Lp35984aYNo64GBM+fcy733eBGjUlnWl1FaWFxaXimvVtbWNza3zO2dtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88VXud+6IkDTkNyqJiBOgIac+xUhpyTUP+iOkUpm5NryE/QCpkeen99lt4+eTZMeuWbVq1gRwntgFqYICTdf87A9CHAeEK8yQlD3bipSTIqEoZiSr9GNJIoTHaEh6mnIUEOmkk2syeKiVAfRDoR9XcKL+7khRIGUSeLoyX1HOern4n9eLlX/hpJRHsSIcTwf5MYMqhHk0cEAFwYolmiAsqN4V4hESCCsdYEWHYM+ePE/aJzX7rGZdn1br3SKOMtgD++AI2OAc1EEDNEELYPAAnsALeDUejWfjzXiflpaMomcX/IHx8Q0h8put</latexit>

ŝ1 = wHy,
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…

noise

target<latexit sha1_base64="fAjQk5PmrjqQa1Yj9UMp9/pZhb0="></latexit>

y =

2

6666666664

y1

y2

...

yM

3

7777777775

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="Y2dQrBhv5Q6lpzdPzsnfCDbO4bY=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6bWTrsrunFZwT6kHUomzbShSWZIMkIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Or2Z++54qzWJ5ayYJDQQeShYxgo2V7nojbDI97Xv9QhG5FyX/vIwgcqt+pVbzLfH8mo/K0HPRHEWwRKNfeO8NYpIKKg3hWOuuhxITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62S61VcdFMu1i+XceTAMTgBZ8ADPqiDa9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0CXjyQzA==</latexit>

ŝ1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2



Multi-microphone noise reduction

• Signal model in freq. domain:

• If the total noise      is stochastic with zero mean (i.e.,                  ) and the target       is deterministic, the 
variance of the the estimator                         is given by                          

<latexit sha1_base64="MFNQluWMOybh7ggoIL/iPRjNxWo="></latexit>

y = a1s1|{z}
target

+
rX

i=2

aisi + n

| {z }
q: total noise

<latexit sha1_base64="n1uRdEQmrIlIZm1r08KxAm7q+YU="></latexit>

E
⇥
(ŝ1 � E[ŝ1])

2
⇤
= E

h�
wHy � E[wHy]

�2i

= E
h�
wH(a1s1 + q)� E[wH(a1s1 + q)]

�2i

= E
h�
wHa1s1 +wHq�wHa1s1 �wHE[q)]

�2i

= E
h�
wHq

�2i
= E

⇥
wHqqHw

⇤
= wH E

⇥
qqH

⇤
| {z }

Pq

w

= wHPqw

<latexit sha1_base64="f0mHT/aIZNo9EcJM5xiFcp+cJqc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURUTdCwU2XFewD2hgm00k7dDIJMxMlhPyAG3/FjQtF3Lp35984aYNo64GBM+fcy733eBGjUlnWl1FaWFxaXimvVtbWNza3zO2dtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88VXud+6IkDTkNyqJiBOgIac+xUhpyTUP+iOkUpm5NryE/QCpkeen99lt4+eTZMeuWbVq1gRwntgFqYICTdf87A9CHAeEK8yQlD3bipSTIqEoZiSr9GNJIoTHaEh6mnIUEOmkk2syeKiVAfRDoR9XcKL+7khRIGUSeLoyX1HOern4n9eLlX/hpJRHsSIcTwf5MYMqhHk0cEAFwYolmiAsqN4V4hESCCsdYEWHYM+ePE/aJzX7rGZdn1br3SKOMtgD++AI2OAc1EEDNEELYPAAnsALeDUejWfjzXiflpaMomcX/IHx8Q0h8put</latexit>

ŝ1 = wHy,

<latexit sha1_base64="DT2AuLmhWKDdWfApIxgelGurCzo=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMpnetEMnkzgzEUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77CZXmsbw3kwT9iA4lDzmjxkoPvYiaURBmj9N+perW3BnIMvEKUoUCjX7lqzeIWRqhNExQrbuemxg/o8pwJnBa7qUaE8rGdIhdSyWNUPvZLPGUnFplQMJY2ScNmam/NzIaaT2JAjuZJ9SLXi7+53VTE177GZdJalCy+UdhKoiJSX4+GXCFzIiJJZQpbrMSNqKKMmNLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDCc/wCm+Odl6cd+djPrriFDtH8AfO5w/62pEw</latexit>q
<latexit sha1_base64="ywA1t5PkDLwi6q0Z8j/skJCKDDA=">AAACFXicbVBNS8NAEN34bf2qevSyWAQPUhIR9SIURPCoYGuhCWWznbRLNx/uTsQS8ie8+Fe8eFDEq+DNf+O2jaDVBwOP92aYmecnUmi07U9ranpmdm5+YbG0tLyyulZe32joOFUc6jyWsWr6TIMUEdRRoIRmooCFvoRrv3869K9vQWkRR1c4SMALWTcSgeAMjdQu77kId5id5a6EAFtuyLDnB9lN7irR7aFHT+i3ZuftcsWu2iPQv8QpSIUUuGiXP9xOzNMQIuSSad1y7AS9jCkUXEJeclMNCeN91oWWoRELQXvZ6Kuc7hilQ4NYmYqQjtSfExkLtR6EvukcXqgnvaH4n9dKMTj2MhElKULEx4uCVFKM6TAi2hEKOMqBIYwrYW6lvMcU42iCLJkQnMmX/5LGftU5rNqXB5Vas4hjgWyRbbJLHHJEauScXJA64eSePJJn8mI9WE/Wq/U2bp2yiplN8gvW+xeTKJ+/</latexit>

E [q] = 0
<latexit sha1_base64="l0+LbTnT2t23lVuVoFBuf6W1CD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSgxl4g2rNrbs5yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/mpM3JmlSEJY21LIcnV3xMZjYyZRoHtjCiOzbI3F//zeimGN34mVJIiV2yxKEwlwZjM/yZDoTlDObWEMi3srYSNqaYMbToVG4K3/PIqaV/Uvau6e39Za3SLOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5AwxWjbY=</latexit>s1
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Multi-microphone noise reduction

• Signal Model in freq. domain:

• If the total noise      is stochastic with zero mean (i.e.,                  ) and the target       is deterministic, the 
variance of the the estimator                         is given by                          

<latexit sha1_base64="f0mHT/aIZNo9EcJM5xiFcp+cJqc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISURUTdCwU2XFewD2hgm00k7dDIJMxMlhPyAG3/FjQtF3Lp35984aYNo64GBM+fcy733eBGjUlnWl1FaWFxaXimvVtbWNza3zO2dtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88VXud+6IkDTkNyqJiBOgIac+xUhpyTUP+iOkUpm5NryE/QCpkeen99lt4+eTZMeuWbVq1gRwntgFqYICTdf87A9CHAeEK8yQlD3bipSTIqEoZiSr9GNJIoTHaEh6mnIUEOmkk2syeKiVAfRDoR9XcKL+7khRIGUSeLoyX1HOern4n9eLlX/hpJRHsSIcTwf5MYMqhHk0cEAFwYolmiAsqN4V4hESCCsdYEWHYM+ePE/aJzX7rGZdn1br3SKOMtgD++AI2OAc1EEDNEELYPAAnsALeDUejWfjzXiflpaMomcX/IHx8Q0h8put</latexit>

ŝ1 = wHy,

<latexit sha1_base64="MFNQluWMOybh7ggoIL/iPRjNxWo="></latexit>

y = a1s1|{z}
target

+
rX

i=2

aisi + n

| {z }
q: total noise

<latexit sha1_base64="DT2AuLmhWKDdWfApIxgelGurCzo=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUREXRbcuKxgH9iGMpnetEMnkzgzEUroX7hxoYhb/8adf+OkzUJbDwwczrmXOfcEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77CZXmsbw3kwT9iA4lDzmjxkoPvYiaURBmj9N+perW3BnIMvEKUoUCjX7lqzeIWRqhNExQrbuemxg/o8pwJnBa7qUaE8rGdIhdSyWNUPvZLPGUnFplQMJY2ScNmam/NzIaaT2JAjuZJ9SLXi7+53VTE177GZdJalCy+UdhKoiJSX4+GXCFzIiJJZQpbrMSNqKKMmNLKtsSvMWTl0nrvOZd1ty7i2q9U9RRgmM4gTPw4ArqcAsNaAIDCc/wCm+Odl6cd+djPrriFDtH8AfO5w/62pEw</latexit>q
<latexit sha1_base64="ywA1t5PkDLwi6q0Z8j/skJCKDDA=">AAACFXicbVBNS8NAEN34bf2qevSyWAQPUhIR9SIURPCoYGuhCWWznbRLNx/uTsQS8ie8+Fe8eFDEq+DNf+O2jaDVBwOP92aYmecnUmi07U9ranpmdm5+YbG0tLyyulZe32joOFUc6jyWsWr6TIMUEdRRoIRmooCFvoRrv3869K9vQWkRR1c4SMALWTcSgeAMjdQu77kId5id5a6EAFtuyLDnB9lN7irR7aFHT+i3ZuftcsWu2iPQv8QpSIUUuGiXP9xOzNMQIuSSad1y7AS9jCkUXEJeclMNCeN91oWWoRELQXvZ6Kuc7hilQ4NYmYqQjtSfExkLtR6EvukcXqgnvaH4n9dKMTj2MhElKULEx4uCVFKM6TAi2hEKOMqBIYwrYW6lvMcU42iCLJkQnMmX/5LGftU5rNqXB5Vas4hjgWyRbbJLHHJEauScXJA64eSePJJn8mI9WE/Wq/U2bp2yiplN8gvW+xeTKJ+/</latexit>

E [q] = 0
<latexit sha1_base64="l0+LbTnT2t23lVuVoFBuf6W1CD4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSgxl4g2rNrbs5yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/mpM3JmlSEJY21LIcnV3xMZjYyZRoHtjCiOzbI3F//zeimGN34mVJIiV2yxKEwlwZjM/yZDoTlDObWEMi3srYSNqaYMbToVG4K3/PIqaV/Uvau6e39Za3SLOMpwAqdwDh5cQwPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5AwxWjbY=</latexit>s1

<latexit sha1_base64="n1uRdEQmrIlIZm1r08KxAm7q+YU="></latexit>

E
⇥
(ŝ1 � E[ŝ1])

2
⇤
= E

h�
wHy � E[wHy]

�2i

= E
h�
wH(a1s1 + q)� E[wH(a1s1 + q)]

�2i

= E
h�
wHa1s1 +wHq�wHa1s1 �wHE[q)]

�2i

= E
h�
wHq

�2i
= E

⇥
wHqqHw

⇤
= wH E

⇥
qqH

⇤
| {z }

Pq

w

= wHPqw filter output noise variance/power 
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<latexit sha1_base64="Psiriv8odOG2RKa1DNkW4tKB57o=">AAACLnicbZBNS8NAEIY3ftb6VfXoZbEInkoiol6EghQ8VrBaaGLZbCft4ubD3YlYQn6RF/+KHgQV8erPcFsrVuvAwsP7zrAzr59IodG2n62p6ZnZufnCQnFxaXlltbS2fq7jVHFo8FjGqukzDVJE0ECBEpqJAhb6Ei78q+OBf3EDSos4OsN+Al7IupEIBGdopHap5oYMe36Q1fP2N17n9Ii6CLeY1XJXQoCtMesHL0+oq0S3h167VLYr9rDoJDgjKJNR1dulR7cT8zSECLlkWrccO0EvYwoFl5AX3VRDwvgV60LLYMRC0F42PDen20bp0CBW5kVIh+r4RMZCrfuhbzoHu+q/3kD8z2ulGBx6mYiSFCHiXx8FqaQY00F2tCMUcJR9A4wrYXalvMcU42gSLpoQnL8nT8L5bsXZr9ine+VqcxRHgWySLbJDHHJAquSE1EmDcHJHHsgLebXurSfrzXr/ap2yRjMb5FdZH58+z6qM</latexit>

Pq = E
⇥
qqH

⇤

is the cross 
power spectral 
density matrix of 
the total noise



Multi-microphone noise reduction
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• Multi-microphone noise reduction filters:

• Spatial filters (DS, MVDR and LCMV)

• Spatio-temporal filters (MWF)

• Spatial filters (also known as beamformers):

• Aim at suppressing the noise, while at the same time leaving the target signal undistorted.

• Spatio-temporal filters:

• Provide more aggressive noise suppression at the expense of some target signal distortions.



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

<latexit sha1_base64="5V3dT0SYZr2d4tSVoK9T8C9aM3E="></latexit>

ŝ1 = arg min
s1

||y � a1s1||22 ! ŝ1 =
1

aH1 a1
aH1 y

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
least squares.

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1
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deterministic 



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

<latexit sha1_base64="5V3dT0SYZr2d4tSVoK9T8C9aM3E="></latexit>

ŝ1 = arg min
s1

||y � a1s1||22 ! ŝ1 =
1

aH1 a1
aH1 y

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
least squares.

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1

Andreas Koutrouvelis 38

deterministic 



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

Proof:

DS filter

<latexit sha1_base64="5V3dT0SYZr2d4tSVoK9T8C9aM3E="></latexit>

ŝ1 = arg min
s1

||y � a1s1||22 ! ŝ1 =
1

aH1 a1
aH1 y

<latexit sha1_base64="DZHjHrkRt77vPHioY393u+YBGK0=">AAACOXicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LisYLXQxHAznbSDkwczN0oJ/S03/oU7wY0LRdz6A05qBV8HBs49517m3hNmUmh0nAdrYnJqema2MledX1hcWrZXVs91mivGWyyVqWqHoLkUCW+hQMnbmeIQh5JfhFfHpX9xzZUWaXKGg4z7MfQSEQkGaKTAbu54MWA/jAoYBu7lyVc1GNJt6vUBC230/3vKitIj6lBPiV4fQan0JrBrTt0Zgf4l7pjUyBjNwL73uinLY54gk6B1x3Uy9AtQKJjkw6qXa54Bu4Ie7xiaQMy1X4wuH9JNo3RplCrzEqQj9ftEAbHWgzg0neXS+rdXiv95nRyjQ78QSZYjT9jnR1EuKaa0jJF2heIM5cAQYEqYXSnrgwKGJuyqCcH9ffJfcr5bd/frzulerdEex1Eh62SDbBGXHJAGOSFN0iKM3JJH8kxerDvryXq13j5bJ6zxzBr5Aev9A2i3rVQ=</latexit>

�aH1 y + ŝ1a
H

1 a1 = 0 !
<latexit sha1_base64="ingtBqHTFMH8qMaltuQMz5q/bew=">AAACMnicbVDLSgMxFM3UV62vUZdugkVwVWZE1I1QcFN3FewDOuOQSTNtaOZBkhGGMN/kxi8RXOhCEbd+hGk7Qh8eCJx7zr3k3uMnjAppWW9GaWV1bX2jvFnZ2t7Z3TP3D9oiTjkmLRyzmHd9JAijEWlJKhnpJpyg0Gek449uxn7nkXBB4+heZglxQzSIaEAxklryzFtniKQSuWfDa+gEHGFl58oJkRz6gUJaf2jMVvm8Bf/KLPfMqlWzJoDLxC5IFRRoeuaL049xGpJIYoaE6NlWIl2FuKSYkbzipIIkCI/QgPQ0jVBIhKsmJ+fwRCt9GMRcv0jCiTo7oVAoRBb6unO8oVj0xuJ/Xi+VwZWraJSkkkR4+lGQMihjOM4P9iknWLJME4Q51btCPEQ6N6lTrugQ7MWTl0n7rGZf1Ky782q9W8RRBkfgGJwCG1yCOmiAJmgBDJ7AK/gAn8az8W58Gd/T1pJRzByCORg/v3abq5o=</latexit>

ŝ1 =
1

aH1 a1
aH1 y

<latexit sha1_base64="7U/afS17YrjBHom4qgNvZYrWfUM="></latexit>

! @

@ŝ⇤1

⇥
yHy � yHa1ŝ1 � ŝ⇤1a

H

1 y + ŝ⇤1ŝ1a
H

1 a1
⇤
= 0 !

<latexit sha1_base64="JkX/lKPco5HZsc3UricLnv6B64g="></latexit>

@

@ŝ⇤1
||y � a1ŝ1||22 = 0 !

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
least squares.

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1

<latexit sha1_base64="aRkccMjX97Eyd8t9iPNfVOuP7bQ="></latexit>

ŵH =
1

aH1 a1
aH1 :
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deterministic 

<latexit sha1_base64="JSabAY5t6ITEEoqYDEfIBRKdQpI="></latexit>

@

@ŝ⇤1
(y � a1ŝ1)

H (y � a1ŝ1) = 0 !



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

DS filter

<latexit sha1_base64="5V3dT0SYZr2d4tSVoK9T8C9aM3E="></latexit>

ŝ1 = arg min
s1

||y � a1s1||22 ! ŝ1 =
1

aH1 a1
aH1 y

<latexit sha1_base64="O7NUFzxZzmfhLD8e85fKuUyDoBQ="></latexit>

ŵ = arg min
w

wHw s.t. wHa1 = 1 ! ŵ =
1

aH1 a1
a1

<latexit sha1_base64="aRkccMjX97Eyd8t9iPNfVOuP7bQ="></latexit>

ŵH =
1

aH1 a1
aH1 :

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
least squares.

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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deterministic 



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

<latexit sha1_base64="O7NUFzxZzmfhLD8e85fKuUyDoBQ="></latexit>

ŵ = arg min
w

wHw s.t. wHa1 = 1 ! ŵ =
1

aH1 a1
a1Estimation of  

with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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Proof:
<latexit sha1_base64="qElIOKqHytlkOAwXU9Mulqb5oRU="></latexit>

ŵ = arg min
w

wHw + 2<
�
�
�
wHa1 � 1

� 



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

<latexit sha1_base64="O7NUFzxZzmfhLD8e85fKuUyDoBQ="></latexit>

ŵ = arg min
w

wHw s.t. wHa1 = 1 ! ŵ =
1

aH1 a1
a1Estimation of  

with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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Proof:

<latexit sha1_base64="q8De0gsTi7Ehjf5JrOjlPEUXCqU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURUTdCwU2XFewDmlhuppN26OTBzEQoIf/gxl9x40IRt27c+TdO2oDaemDgcM65zL3HizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoeiApZyFtKaY47caCQuBx2vHG17nfuadCsii8VZOYugEMQ+YzAkpLffPE4To8AHyFHV8ASe0sdQJQI89PIbtr/PCsb1atmjUFXiR2QaqoQLNvfjqDiCQBDRXhIGXPtmLlpiAUI5xmFSeRNAYyhiHtaRpCQKWbTm/K8JFWBtiPhH6hwlP190QKgZSTwNPJfEU57+Xif14vUf6lm7IwThQNyewjP+FYRTgvCA+YoETxiSZABNO7YjICXY3SNVZ0Cfb8yYukfVqzz2vWzVm13i3qKKMDdIiOkY0uUB01UBO1EEEP6Am9oFfj0Xg23oz3WbRkFDP76A+Mj2+PH56x</latexit>

� =
1

aHa

<latexit sha1_base64="qElIOKqHytlkOAwXU9Mulqb5oRU="></latexit>

ŵ = arg min
w

wHw + 2<
�
�
�
wHa1 � 1

� 

<latexit sha1_base64="Hd0Yw6iZY1UmubMvi8+MRTLGAJE="></latexit>

@

@ŵ⇤
⇥
ŵHŵ + �

�
1� ŵHa1

�
+ �⇤ �1� aH1 ŵ

�⇤
= 0 ! ŵ � �a1 = 0 ! ŵ = �a1

ŵHa1 = 1



Multi-microphone noise reduction: delay and sum (DS) 
filter (Flanagan 1993)

<latexit sha1_base64="O7NUFzxZzmfhLD8e85fKuUyDoBQ="></latexit>

ŵ = arg min
w

wHw s.t. wHa1 = 1 ! ŵ =
1

aH1 a1
a1Estimation of  

with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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Proof:
<latexit sha1_base64="Zqp+o2EKG0Xe1EroGWig4Fb/mbI=">AAACLnicbVDLSsNAFJ34rPUVdelmsAiuSiKiboSCCF1WsA9oYphMJ+3QySTMTJQS8kVu/BVdCCri1s9w0gbpwwMD555zL3Pv8WNGpbKsd2NpeWV1bb20Ud7c2t7ZNff2WzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h9e5334gQtKI36lRTNwQ9TkNKEZKS5554wyQSp0QqYEfpI9ZBq+gEwiEUzv7k1Hm2fd1OF1mM5VnVqyqNQZcJHZBKqBAwzNfnV6Ek5BwhRmSsmtbsXJTJBTFjGRlJ5EkRniI+qSrKUchkW46PjeDx1rpwSAS+nEFx+r0RIpCKUehrzvzHeW8l4v/ed1EBZduSnmcKMLx5KMgYVBFMM8O9qggWLGRJggLqneFeIB0WEonXNYh2PMnL5LWadU+r1q3Z5Vap4ijBA7BETgBNrgANVAHDdAEGDyBF/ABPo1n4834Mr4nrUtGMXMAZmD8/AI1eKnn</latexit>

ŵ =
1

aH1 a1
a1

<latexit sha1_base64="qElIOKqHytlkOAwXU9Mulqb5oRU="></latexit>

ŵ = arg min
w

wHw + 2<
�
�
�
wHa1 � 1

� 

<latexit sha1_base64="q8De0gsTi7Ehjf5JrOjlPEUXCqU=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURUTdCwU2XFewDmlhuppN26OTBzEQoIf/gxl9x40IRt27c+TdO2oDaemDgcM65zL3HizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoeiApZyFtKaY47caCQuBx2vHG17nfuadCsii8VZOYugEMQ+YzAkpLffPE4To8AHyFHV8ASe0sdQJQI89PIbtr/PCsb1atmjUFXiR2QaqoQLNvfjqDiCQBDRXhIGXPtmLlpiAUI5xmFSeRNAYyhiHtaRpCQKWbTm/K8JFWBtiPhH6hwlP190QKgZSTwNPJfEU57+Xif14vUf6lm7IwThQNyewjP+FYRTgvCA+YoETxiSZABNO7YjICXY3SNVZ0Cfb8yYukfVqzz2vWzVm13i3qKKMDdIiOkY0uUB01UBO1EEEP6Am9oFfj0Xg23oz3WbRkFDP76A+Mj2+PH56x</latexit>

� =
1

aHa

<latexit sha1_base64="Hd0Yw6iZY1UmubMvi8+MRTLGAJE="></latexit>

@

@ŵ⇤
⇥
ŵHŵ + �

�
1� ŵHa1

�
+ �⇤ �1� aH1 ŵ

�⇤
= 0 ! ŵ � �a1 = 0 ! ŵ = �a1

ŵHa1 = 1



Multi-microphone noise reduction: minimum variance 
distortionless response (MVDR) filter (Capon 1969)

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
weighted least squares.

<latexit sha1_base64="Asiy2krdz+ubCOTjdoWIk3N99fw="></latexit>

ŝ1 = arg min
s1

||P�1/2
q (y � a1s1)||22 ! ŝ1 =

1

aH1 P�1
q a1

aH1 P�1
q y

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1
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deterministic 



Multi-microphone noise reduction: minimum variance 
distortionless response (MVDR) filter (Capon 1969)

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
weighted least squares.

<latexit sha1_base64="Asiy2krdz+ubCOTjdoWIk3N99fw="></latexit>

ŝ1 = arg min
s1

||P�1/2
q (y � a1s1)||22 ! ŝ1 =

1

aH1 P�1
q a1

aH1 P�1
q y

<latexit sha1_base64="DCTeEZ/oXrAV1gZRba4FSx/dNZM="></latexit>

ŵH =
1

aH1 P�1
q a1

aH1 P�1
q : MVDR filter

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1
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deterministic 



Multi-microphone noise reduction: minimum variance 
distortionless response (MVDR) filter (Capon 1969)

Estimation of  
with an unconstrained 
quadratic optimization 
problem also known as 
weighted least squares.

<latexit sha1_base64="Asiy2krdz+ubCOTjdoWIk3N99fw="></latexit>

ŝ1 = arg min
s1

||P�1/2
q (y � a1s1)||22 ! ŝ1 =

1

aH1 P�1
q a1

aH1 P�1
q y

<latexit sha1_base64="DCTeEZ/oXrAV1gZRba4FSx/dNZM="></latexit>

ŵH =
1

aH1 P�1
q a1

aH1 P�1
q : MVDR filter

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="5OlPrhIRJKsdBmzAyL4DNyc7gAM="></latexit>

ŵ = arg min
w

wHPqw s.t. wHa1 = 1 ! ŵ =
1

aH1 P�1
q a1

P�1
q a1

<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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deterministic 



Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w

<latexit sha1_base64="ASUoOY2U5SZbyFtbcEOIOt0lvcQ=">AAACKnicdVDLSsNAFJ3UV42vqEs3g0VxVZIi6kaouOmygn1AE8NkOmmHTh7MTJQS8j1u/BU3XSjFrR/ipI2grR4YOHPuudx7jxczKqRpTrXSyura+kZ5U9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjW7zeueRcEGj8F6OY+IEaBBSn2IkleQaN3aA5NDz06fsoQG/PyhzLXh6DS1o2/p/jlruMKFrVMyqOQNcJlZBKqBA0zUmdj/CSUBCiRkSomeZsXRSxCXFjGS6nQgSIzxCA9JTNEQBEU46OzWDJ0rpQz/i6oUSztSfHSkKhBgHnnLmm4rFWi7+Vesl0r9yUhrGiSQhng/yEwZlBPPcYJ9ygiUbK4Iwp2pXiIeIIyxVuroKwVo8eZm0a1XromrenVfq3SKOMjgCx+AMWOAS1EEDNEELYPAMXsEbeNdetIk21T7m1pJW9ByCX9A+vwByKaVu</latexit>

wHa1 = 1

wHa2 = 0

example
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Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w

<latexit sha1_base64="ASUoOY2U5SZbyFtbcEOIOt0lvcQ=">AAACKnicdVDLSsNAFJ3UV42vqEs3g0VxVZIi6kaouOmygn1AE8NkOmmHTh7MTJQS8j1u/BU3XSjFrR/ipI2grR4YOHPuudx7jxczKqRpTrXSyura+kZ5U9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjW7zeueRcEGj8F6OY+IEaBBSn2IkleQaN3aA5NDz06fsoQG/PyhzLXh6DS1o2/p/jlruMKFrVMyqOQNcJlZBKqBA0zUmdj/CSUBCiRkSomeZsXRSxCXFjGS6nQgSIzxCA9JTNEQBEU46OzWDJ0rpQz/i6oUSztSfHSkKhBgHnnLmm4rFWi7+Vesl0r9yUhrGiSQhng/yEwZlBPPcYJ9ygiUbK4Iwp2pXiIeIIyxVuroKwVo8eZm0a1XromrenVfq3SKOMjgCx+AMWOAS1EEDNEELYPAMXsEbeNdetIk21T7m1pJW9ByCX9A+vwByKaVu</latexit>

wHa1 = 1

wHa2 = 0

example

<latexit sha1_base64="XwhQVXrM/PPLX4HJ5UlQM0ZJHKk="></latexit>

wH
⇥
a1 a2

⇤
| {z }

⇤
M⇥2

=
⇥
1 0

⇤
| {z }

fH
1⇥2
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Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w

<latexit sha1_base64="ASUoOY2U5SZbyFtbcEOIOt0lvcQ=">AAACKnicdVDLSsNAFJ3UV42vqEs3g0VxVZIi6kaouOmygn1AE8NkOmmHTh7MTJQS8j1u/BU3XSjFrR/ipI2grR4YOHPuudx7jxczKqRpTrXSyura+kZ5U9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjW7zeueRcEGj8F6OY+IEaBBSn2IkleQaN3aA5NDz06fsoQG/PyhzLXh6DS1o2/p/jlruMKFrVMyqOQNcJlZBKqBA0zUmdj/CSUBCiRkSomeZsXRSxCXFjGS6nQgSIzxCA9JTNEQBEU46OzWDJ0rpQz/i6oUSztSfHSkKhBgHnnLmm4rFWi7+Vesl0r9yUhrGiSQhng/yEwZlBPPcYJ9ygiUbK4Iwp2pXiIeIIyxVuroKwVo8eZm0a1XromrenVfq3SKOMjgCx+AMWOAS1EEDNEELYPAMXsEbeNdetIk21T7m1pJW9ByCX9A+vwByKaVu</latexit>

wHa1 = 1

wHa2 = 0

example

<latexit sha1_base64="XwhQVXrM/PPLX4HJ5UlQM0ZJHKk="></latexit>

wH
⇥
a1 a2

⇤
| {z }

⇤
M⇥2

=
⇥
1 0

⇤
| {z }

fH
1⇥2

M-2 degrees of freedom 
for noise reduction
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Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w

<latexit sha1_base64="ASUoOY2U5SZbyFtbcEOIOt0lvcQ=">AAACKnicdVDLSsNAFJ3UV42vqEs3g0VxVZIi6kaouOmygn1AE8NkOmmHTh7MTJQS8j1u/BU3XSjFrR/ipI2grR4YOHPuudx7jxczKqRpTrXSyura+kZ5U9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjW7zeueRcEGj8F6OY+IEaBBSn2IkleQaN3aA5NDz06fsoQG/PyhzLXh6DS1o2/p/jlruMKFrVMyqOQNcJlZBKqBA0zUmdj/CSUBCiRkSomeZsXRSxCXFjGS6nQgSIzxCA9JTNEQBEU46OzWDJ0rpQz/i6oUSztSfHSkKhBgHnnLmm4rFWi7+Vesl0r9yUhrGiSQhng/yEwZlBPPcYJ9ygiUbK4Iwp2pXiIeIIyxVuroKwVo8eZm0a1XromrenVfq3SKOMjgCx+AMWOAS1EEDNEELYPAMXsEbeNdetIk21T7m1pJW9ByCX9A+vwByKaVu</latexit>

wHa1 = 1

wHa2 = 0

example

<latexit sha1_base64="XwhQVXrM/PPLX4HJ5UlQM0ZJHKk="></latexit>

wH
⇥
a1 a2

⇤
| {z }

⇤
M⇥2

=
⇥
1 0

⇤
| {z }

fH
1⇥2

M-2 degrees of freedom 
for noise reductionMore constraints means more control, but less total noise reduction!
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Multi-microphone noise reduction: linearly constrained 
minimum variance (LCMV) filter (Frost 1972)

Estimation of  
with a constrained 
quadratic optimization 
problem.

<latexit sha1_base64="WJVR3ruJyTRvk2GuqRl3WuLzI/M="></latexit>

ŵ = arg min
w

wHPqw s.t. wH⇤ = fH ! ŵ = P�1
q ⇤

⇣
⇤HP�1

q ⇤
⌘�1

f

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
LCMV filter

• The MVDR filter is a special case of the LCMV filter which provides the minimum filter output noise power, 
but does not control how the noise sources will be suppressed.

• The LCMV optimization problem gives you more control to design the filter vector than the MVDR 
optimization problem.

• More constraints means more control, but less total noise reduction!
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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<latexit sha1_base64="ZwWuDgLhydl2Zg3180gqOJCRF+w="></latexit>

ŵ = arg min
w

E
⇥
|wHy � s1|2

⇤
! ŵ = p1P

�1
y a1 = p1

�
p1a1a

H

1 +Pq

��1
a1

stochastic 



Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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<latexit sha1_base64="ZwWuDgLhydl2Zg3180gqOJCRF+w="></latexit>

ŵ = arg min
w

E
⇥
|wHy � s1|2

⇤
! ŵ = p1P

�1
y a1 = p1

�
p1a1a

H

1 +Pq

��1
a1

stochastic Estimation of  
with an unconstrained 
LMSE optimization 
problem.



Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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<latexit sha1_base64="ZwWuDgLhydl2Zg3180gqOJCRF+w="></latexit>

ŵ = arg min
w

E
⇥
|wHy � s1|2

⇤
! ŵ = p1P

�1
y a1 = p1

�
p1a1a

H

1 +Pq

��1
a1

stochastic Estimation of  
with an unconstrained 
LMSE optimization 
problem.

Proof:

<latexit sha1_base64="flQXyci4fnOBynhZ/Jxaly9h4PY="></latexit>
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@ŵ⇤ ŵ
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w
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<latexit sha1_base64="ZwWuDgLhydl2Zg3180gqOJCRF+w="></latexit>
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Estimation of  
with an unconstrained 
MSE optimization 
problem.

<latexit sha1_base64="SyKma6FGxqyIvhRLoCwaFxAn9vY=">AAAB/XicdVDLSsNAFJ34rPEVHzs3g0VwFZIY2roruOmygn1AG8tkOmmHTh7MTJQagr/ixoUibv0Pd/6Nk7aCih4YOJxzL/fM8RNGhbSsD21peWV1bb20oW9ube/sGnv7bRGnHJMWjlnMuz4ShNGItCSVjHQTTlDoM9LxJxeF37khXNA4upLThHghGkU0oBhJJQ2Mw/4YyawfIjn2g+w2z68buj4wypZ5Xqs4bgVapmVVbccuiFN1z1xoK6VAGSzQHBjv/WGM05BEEjMkRM+2EulliEuKGcn1fipIgvAEjUhP0QiFRHjZLH0OT5QyhEHM1YsknKnfNzIUCjENfTVZxBS/vUL8y+ulMqh5GY2SVJIIzw8FKYMyhkUVcEg5wZJNFUGYU5UV4jHiCEtVWFHC10/h/6TtmHbFtC7dcr27qKMEjsAxOAU2qII6aIAmaAEM7sADeALP2r32qL1or/PRJW2xcwB+QHv7BIhUlVg=</latexit>
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<latexit sha1_base64="vbVYMYH7fGEosSADg7jxR5G8iEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwW4jaA=</latexit>s1



Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w stochastic 
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w stochastic 
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Sherman Morrison formula
<latexit sha1_base64="fjLTzpgSuMvksGDtS3gWATCfWWg="></latexit>
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w stochastic 

single channel Wiener filter (SWF)
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)

Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w stochastic 

single channel Wiener filter (SWF)
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R
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F <latexit sha1_base64="gqdgEH+VcHgY0eoOTtTqOk1U40Q=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzEOSJcxOJsmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx7cxvPXFjRawfcJLwUNGhFgPBKDrpsTuimNlpL+iVK37Vn4OskiAnFchR75W/uv2YpYprZJJa2wn8BMOMGhRM8mmpm1qeUDamQ95xVFPFbZjND56SM6f0ySA2rjSSufp7IqPK2omKXKeiOLLL3kz8z+ukOLgJM6GTFLlmi0WDVBKMyex70heGM5QTRygzwt1K2IgaytBlVHIhBMsvr5LmRTW4qvr3l5VaO4+jCCdwCucQwDXU4A7q0AAGCp7hFd484714797HorXg5TPH8Afe5w/bf5CD</latexit>

ŝ1
<latexit sha1_base64="Ok7NNmTzC7DLOlux9NRw7/0Oo3s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+8A2lMn0ph06mYSZiRBC/8KNC0Xc+jfu/BunbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/M7T6g0j+WDyRL0IzqSPOSMGis99iNqxkGYZ9NBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5PPGUnFllSMJY2ScNmau/N3IaaZ1FgZ2cJdTL3kz8z+ulJrzxcy6T1KBki4/CVBATk9n5ZMgVMiMySyhT3GYlbEwVZcaWVLEleMsnr5L2Rd27qrv3l7VGt6ijDCdwCufgwTU04A6a0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w8HEZE4</latexit>y
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Multi-microphone noise reduction: multi-channel 
Wiener filter (MWF) (Brandstein 2001)
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• Typically, the MWF filter achieves extra noise reduction compared to the MVDR filter.

• Unlike the MVDR filter, the MWF filter distorts the target signal. This is due to the fact that 

stochastic 

<latexit sha1_base64="AdAtFzwzW/1CBTZc0liUsDy+LAw="></latexit>
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Estimation of  
with an unconstrained 
LMSE optimization 
problem.

<latexit sha1_base64="V3nMIzFhbMCArt6HOu3FCmdk6JU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFKG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/VqRIA==</latexit>w



Multi-microphone source separation
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Multi-microphone source separation

• Typically, in multi-microphone source separation all point sources are considered targets. That is,

• The goal is to estimate the targets      from the noisy DFT coefficients    . That is,

where          is the filter function, where in this presentation is linear. That is,

where        is the filter matrix.

• We want to find a       such that  

<latexit sha1_base64="wPlh2bsowQALfhzjAZRaVHTNIzA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSE2WTar9bcujsDWSZeQWpQoNmvfvUGMUsjrpBJakzXcxP0M6pRMMmnlV5qeELZmA5511JFI278bJZ4Sk6sMiBhrO1TSGbq742MRsZMosBO5gnNopeL/3ndFMMrPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUsWW4C2evEzaZ3Xvou7endca10UdZTiCYzgFDy6hAbfQhBYwUPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAHORIg==</latexit>y

<latexit sha1_base64="KJt/1VrWmO3ytL8i6IwkG3y65No=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0hE1GPBi8cKpi20oWy2m3bp7ibsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tis71d29/YPD2tFxWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3BV+54kqzRL5aKYpDQUeSRYzgo2VgrjhXlQHtbrnenOgVeKXpA4lWoPaV3+YkExQaQjHWvd8LzVhjpVhhNNZtZ9pmmIywSPas1RiQXWYz4+doXOrDFGcKFvSoLn6eyLHQuupiGynwGasl71C/M/rZSa+DXMm08xQSRaL4owjk6DiczRkihLDp5Zgopi9FZExVpgYm08Rgr/88ippX7r+tes9XNWb3TKOCpzCGTTAhxtowj20IAACDJ7hFd4c6bw4787HonXNKWdO4A+czx85KI22</latexit>

f(.)
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<latexit sha1_base64="HqbZIqg/N9erfzPgg63pQLJKjRU=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSElE1I1QcOOygn1AE8pkOmmHTh7M3AghZO/GX3HjQhG3/oA7/8ZJW0FbDwycOede7r3HiwVXYFlfxtLyyuraemmjvLm1vbNr7u23VZRIylo0EpHsekQxwUPWAg6CdWPJSOAJ1vHG14XfuWdS8Si8gzRmbkCGIfc5JaClvllxRgQyJyAw8vxM5Tm+wn7t55/mxyflvlm16tYEeJHYM1JFMzT75qcziGgSsBCoIEr1bCsGNyMSOBUsLzuJYjGhYzJkPU1DEjDlZpNbcnyklQH2I6lfCHii/u7ISKBUGni6slhSzXuF+J/XS8C/dDMexgmwkE4H+YnAEOEiGDzgklEQqSaESq53xXREJKGg4ytCsOdPXiTt07p9Xrduz6qN7iyOEjpEFVRDNrpADXSDmqiFKHpAT+gFvRqPxrPxZrxPS5eMWc8B+gPj4xsyFpqN</latexit>

ŝ = f(y),

<latexit sha1_base64="/EVJwu5IKc1GmLorAUiZkFsGoWI="></latexit>
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<latexit sha1_base64="1pt8pY1QVf09MIEyDqmrHAANU90=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh4KbLCvYBTSyT6aQdOpmEmYkQQj7Cjb/ixoUibl2482+ctFG09cDAuefcy9x7vIhRqSzr0ygtLC4tr5RXK2vrG5tb5vZOW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Cr3O3dESBryG5VExA3QkFOfYqS01DePnBFSqRMgNfL8VGYZvITfVSe7bfwUSXbcN6tWzZoAzhO7IFVQoNk3P5xBiOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOjkqgwdaGUA/FPpxBSfq74kUBVImgac78xXlrJeL/3m9WPkXbkp5FCvC8fQjP2ZQhTBPCA6oIFixRBOEBdW7QjxCAmGlc6zoEOzZk+dJ+6Rmn9Ws69NqvVvEUQZ7YB8cAhucgzpogCZoAQzuwSN4Bi/Gg/FkvBpv09aSUczsgj8w3r8AS+CfCQ==</latexit>

ŝ = WHy,
<latexit sha1_base64="ZltOzafQaCjwVx/fjjUTx+XLCQE=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrzxMy6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd27qrv3l7VGt6ijDCdwCufgwTU04A6a0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/TWJEW</latexit>

W
<latexit sha1_base64="ZltOzafQaCjwVx/fjjUTx+XLCQE=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrzxMy6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd27qrv3l7VGt6ijDCdwCufgwTU04A6a0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/TWJEW</latexit>

W
<latexit sha1_base64="mT8UlJ2qBlUYf7xQTwEUWu3KZaU="></latexit>

ŝ = WHAs| {z }
⇡s

+WHn| {z }
⇡0

,



Multi-microphone source separation

• Typically, in multi-microphone source separation all point sources are considered targets. That is,

• The goal is to estimate the targets      from the noisy DFT coefficients    . That is,

where          is the filter function, where in this presentation is linear. That is,

where        is the filter matrix.

• We want to find a       such that  

<latexit sha1_base64="wPlh2bsowQALfhzjAZRaVHTNIzA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSE2WTar9bcujsDWSZeQWpQoNmvfvUGMUsjrpBJakzXcxP0M6pRMMmnlV5qeELZmA5511JFI278bJZ4Sk6sMiBhrO1TSGbq742MRsZMosBO5gnNopeL/3ndFMMrPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUsWW4C2evEzaZ3Xvou7endca10UdZTiCYzgFDy6hAbfQhBYwUPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAHORIg==</latexit>y

<latexit sha1_base64="KJt/1VrWmO3ytL8i6IwkG3y65No=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0hE1GPBi8cKpi20oWy2m3bp7ibsboQS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tis71d29/YPD2tFxWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3BV+54kqzRL5aKYpDQUeSRYzgo2VgrjhXlQHtbrnenOgVeKXpA4lWoPaV3+YkExQaQjHWvd8LzVhjpVhhNNZtZ9pmmIywSPas1RiQXWYz4+doXOrDFGcKFvSoLn6eyLHQuupiGynwGasl71C/M/rZSa+DXMm08xQSRaL4owjk6DiczRkihLDp5Zgopi9FZExVpgYm08Rgr/88ippX7r+tes9XNWb3TKOCpzCGTTAhxtowj20IAACDJ7hFd4c6bw4787HonXNKWdO4A+czx85KI22</latexit>

f(.)
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<latexit sha1_base64="HqbZIqg/N9erfzPgg63pQLJKjRU=">AAACC3icbVDLSsNAFJ34rPUVdelmaBEqSElE1I1QcOOygn1AE8pkOmmHTh7M3AghZO/GX3HjQhG3/oA7/8ZJW0FbDwycOede7r3HiwVXYFlfxtLyyuraemmjvLm1vbNr7u23VZRIylo0EpHsekQxwUPWAg6CdWPJSOAJ1vHG14XfuWdS8Si8gzRmbkCGIfc5JaClvllxRgQyJyAw8vxM5Tm+wn7t55/mxyflvlm16tYEeJHYM1JFMzT75qcziGgSsBCoIEr1bCsGNyMSOBUsLzuJYjGhYzJkPU1DEjDlZpNbcnyklQH2I6lfCHii/u7ISKBUGni6slhSzXuF+J/XS8C/dDMexgmwkE4H+YnAEOEiGDzgklEQqSaESq53xXREJKGg4ytCsOdPXiTt07p9Xrduz6qN7iyOEjpEFVRDNrpADXSDmqiFKHpAT+gFvRqPxrPxZrxPS5eMWc8B+gPj4xsyFpqN</latexit>

ŝ = f(y),

<latexit sha1_base64="/EVJwu5IKc1GmLorAUiZkFsGoWI="></latexit>

y =
rX

i=1

aisi

| {z }
targets

+ n|{z}
noise

! y = As|{z}
targets

+ n|{z}
noise

<latexit sha1_base64="u51ORykgBldfzrSvg90jfmGfUUQ=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeCF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjsMoNzMyqDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+gmyEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6Z31XTvLxutXllHFU7gFM7Bg2towR20oQMMFDzDK7w56Lw4787HYrTilDvH8AfO5w9XopFc</latexit>s

<latexit sha1_base64="1pt8pY1QVf09MIEyDqmrHAANU90=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQlJKIqBuh4KbLCvYBTSyT6aQdOpmEmYkQQj7Cjb/ixoUibl2482+ctFG09cDAuefcy9x7vIhRqSzr0ygtLC4tr5RXK2vrG5tb5vZOW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre+Cr3O3dESBryG5VExA3QkFOfYqS01DePnBFSqRMgNfL8VGYZvITfVSe7bfwUSXbcN6tWzZoAzhO7IFVQoNk3P5xBiOOAcIUZkrJnW5FyUyQUxYxkFSeWJEJ4jIakpylHAZFuOjkqgwdaGUA/FPpxBSfq74kUBVImgac78xXlrJeL/3m9WPkXbkp5FCvC8fQjP2ZQhTBPCA6oIFixRBOEBdW7QjxCAmGlc6zoEOzZk+dJ+6Rmn9Ws69NqvVvEUQZ7YB8cAhucgzpogCZoAQzuwSN4Bi/Gg/FkvBpv09aSUczsgj8w3r8AS+CfCQ==</latexit>

ŝ = WHy,
<latexit sha1_base64="ZltOzafQaCjwVx/fjjUTx+XLCQE=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrzxMy6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd27qrv3l7VGt6ijDCdwCufgwTU04A6a0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/TWJEW</latexit>

W
<latexit sha1_base64="ZltOzafQaCjwVx/fjjUTx+XLCQE=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+8A2lMn0ph06mYSZiVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofazeeIZObPKkISxsk8aMld/b2Q00noaBXYyT6iXvVz8z+ulJrzxMy6T1KBki4/CVBATk/x8MuQKmRFTSyhT3GYlbEwVZcaWVLEleMsnr5L2Rd27qrv3l7VGt6ijDCdwCufgwTU04A6a0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/TWJEW</latexit>

W
<latexit sha1_base64="mT8UlJ2qBlUYf7xQTwEUWu3KZaU="></latexit>

ŝ = WHAs| {z }
⇡s

+WHn| {z }
⇡0

,

<latexit sha1_base64="sdrogc3knqW7BIJ7am/9BCXYEhY=">AAACDHicdVDLSgMxFM34rPVVdekmWARXQ6YObV0IFTd1V8E+oB1LJs20oZkHSUYow3yAG3/FjQtF3PoB7vwbM32Aih4InJxzL/fe40acSYXQp7G0vLK6tp7byG9ube/sFvb2WzKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8zv31HhWRhcKMmEXV8PAyYxwhWWuoXij0fq5HrJe30tr7gFyk8h4vPVaqrkHlWLZfsMkQmQhWrZGWkVLFPbWhpJUMRzNHoFz56g5DEPg0U4VjKroUi5SRYKEY4TfO9WNIIkzEe0q6mAfapdJLpMSk81soAeqHQL1Bwqn7vSLAv5cR3dWW2ofztZeJfXjdWXtVJWBDFigZkNsiLOVQhzJKBAyYoUXyiCSaC6V0hGWGBidL55XUIi0vh/6RVMq2yia7tYq0zjyMHDsEROAEWqIAaqIMGaAIC7sEjeAYvxoPxZLwab7PSJWPecwB+wHj/AhtNm7w=</latexit>

WHA = I
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…

target

target<latexit sha1_base64="fAjQk5PmrjqQa1Yj9UMp9/pZhb0="></latexit>

y =

2

6666666664

y1

y2

...

yM

3

7777777775

<latexit sha1_base64="WTR2E6txhQBhij6kr1/cE20PRow=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJiLosuumygn1AW8tkOmmHTiZhZiKEkI2/4saFIm79DHf+jZM2grYeGDhzzr3ce48Xcaa043xZS8srq2vrpY3y5tb2zq69t99SYSwJbZKQh7LjYUU5E7Spmea0E0mKA4/Ttje5yf32A5WKheJOJxHtB3gkmM8I1kYa2Ie9AOux56ft7L6Ofj5JNrArTtWZAi0StyAVKNAY2J+9YUjigApNOFaq6zqR7qdYakY4zcq9WNEIkwke0a6hAgdU9dPpARk6McoQ+aE0T2g0VX93pDhQKgk8U5lvqOa9XPzP68bav+qnTESxpoLMBvkxRzpEeRpoyCQlmieGYCKZ2RWRMZaYaJNZ2YTgzp+8SFpnVfei6tyeV2rXRRwlOIJjOAUXLqEGdWhAEwhk8AQv8Go9Ws/Wm/U+K12yip4D+APr4xsTJ5a4</latexit>

WHy

<latexit sha1_base64="+AttcXpe4cvDVLkHCws5Oveb/O4=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+MmeQW9OIxolkgGUJPpydp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoTk8S5oVkGPGAU6KNdKv6Tr9QxPZFyT0vY4Ttqlup1VxDHLfm4jJybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+alTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y0GXDKqxcQQQiU3tyI6IpJQbdLJmxC+PkX/k1bJdio2vikX65fLOHJwDCdwBg64UIdraEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CY8Ejf8=</latexit>s1

<latexit sha1_base64="cdL8KAvLsuZq7MW/Mtk8PHfbnLM=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFvV9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbrdjOjV+uXy7jKMAxnMAZuFCFOlxDA5pAYAQP8ATPFrcerRfrddG6Yi1njuAHrLdPZ0uN4w==</latexit>s2

<latexit sha1_base64="Y2dQrBhv5Q6lpzdPzsnfCDbO4bY=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6bWTrsrunFZwT6kHUomzbShSWZIMkIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Or2Z++54qzWJ5ayYJDQQeShYxgo2V7nojbDI97Xv9QhG5FyX/vIwgcqt+pVbzLfH8mo/K0HPRHEWwRKNfeO8NYpIKKg3hWOuuhxITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62S61VcdFMu1i+XceTAMTgBZ8ADPqiDa9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0CXjyQzA==</latexit>

ŝ1
<latexit sha1_base64="fyiwWXjNw8Oa8dAZr9MXE2HAmUI=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6kHUomTdvQJDMkGaEM/Qo3LhRx6+e482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZWuuuNscn0rO/3S2XkXtQqflCByEWo6vleTvxqcB5Azyo5ymCJRr/03hvEJBVUGsKx1l0PJSbMsDKMcDor9lJNE0wmeES7lkosqA6z+cEzeGqVARzGypY0cK5+n8iw0HoqItspsBnr314u/uV1UzOshRmTSWqoJItFw5RDE8P8ezhgihLDp5Zgopi9FZIxVpgYm1HRhvD1KfyftHzXq7joJijXL5dxFMAxOAFnwANVUAfXoAGagAABHsATeHaU8+i8OK+L1hVnOXMEfsB5+wQ2g5Cw</latexit>

ŝ2



Multi-microphone source separation

1st Method
Least squares

deterministic 

<latexit sha1_base64="zCr930BjCs02cxtDUinrt/9tEbw="></latexit>

ŝ = arg min
s

||y �As||22 ! ŝ =
�
AHA

��1
AHy

2nd Method
Weighted least 

squares

<latexit sha1_base64="TQLAmMfy7e0Y1QWMuVJmvEVmZe4="></latexit>

ŝ = arg min
s

||P� 1
2

n (y �As) ||22 ! ŝ =
�
AHP�1

n A
��1

AHP�1
n y

3d Method
MMSE

deterministic 

stochastic <latexit sha1_base64="G4n8DBxtLYbqQ6Swhn/txKqvRhg="></latexit>

ŝ = arg min
ŝ

E[||ŝ� s||22] = E [s|y]

s ⇠ N(0,P)
n ⇠ N(0,Pn)�����������! ŝ = PAHPy

�1y

Andreas Koutrouvelis 66



Multi-microphone source separation

1st Method
Least squares

deterministic 

<latexit sha1_base64="zCr930BjCs02cxtDUinrt/9tEbw="></latexit>

ŝ = arg min
s

||y �As||22 ! ŝ =
�
AHA

��1
AHy

2nd Method
Weighted least 

squares

<latexit sha1_base64="TQLAmMfy7e0Y1QWMuVJmvEVmZe4="></latexit>

ŝ = arg min
s

||P� 1
2

n (y �As) ||22 ! ŝ =
�
AHP�1

n A
��1

AHP�1
n y

3d Method
MMSE

deterministic 

stochastic <latexit sha1_base64="G4n8DBxtLYbqQ6Swhn/txKqvRhg="></latexit>

ŝ = arg min
ŝ

E[||ŝ� s||22] = E [s|y]

s ⇠ N(0,P)
n ⇠ N(0,Pn)�����������! ŝ = PAHPy

�1y

<latexit sha1_base64="sdrogc3knqW7BIJ7am/9BCXYEhY=">AAACDHicdVDLSgMxFM34rPVVdekmWARXQ6YObV0IFTd1V8E+oB1LJs20oZkHSUYow3yAG3/FjQtF3PoB7vwbM32Aih4InJxzL/fe40acSYXQp7G0vLK6tp7byG9ube/sFvb2WzKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8zv31HhWRhcKMmEXV8PAyYxwhWWuoXij0fq5HrJe30tr7gFyk8h4vPVaqrkHlWLZfsMkQmQhWrZGWkVLFPbWhpJUMRzNHoFz56g5DEPg0U4VjKroUi5SRYKEY4TfO9WNIIkzEe0q6mAfapdJLpMSk81soAeqHQL1Bwqn7vSLAv5cR3dWW2ofztZeJfXjdWXtVJWBDFigZkNsiLOVQhzJKBAyYoUXyiCSaC6V0hGWGBidL55XUIi0vh/6RVMq2yia7tYq0zjyMHDsEROAEWqIAaqIMGaAIC7sEjeAYvxoPxZLwab7PSJWPecwB+wHj/AhtNm7w=</latexit>

WHA = I
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Estimation of multi-microphone signal model parameters



Maximum likelihood estimation of
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<latexit sha1_base64="9oTZastVolEw4a2883IfPPQn5Qc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjl7WE2G9YbbtOdA60SryQNKNEe1r/8UUJMTIUmHCs18NxUBzmWmhFOZzXfKJpiMsVjOrBU4JiqIJ9nnqEzq4xQlEj7hEZz9fdGjmOlsji0k0VGtewV4n/ewOjoJsiZSI2mgiwORYYjnaCiADRikhLNM0swkcxmRWSCJSba1lSzJXjLX14l3Yumd9V0Hy4brduyjiqcwCmcgwfX0IJ7aEMHCKTwDK/w5hjnxXl3PhajFafcOYY/cD5/AFvskeU=</latexit>

Py

<latexit sha1_base64="jhRoeoJGWXsZkSPUllmmHLCCyio="></latexit>

P̂y = arg min
Py

� lnp ({y1, · · · ,yN}|Py)

= arg min
Py

� ln
NY

i=1

p (yi|Py)

= arg min
Py

�
NX

i=1

lnp (yi|Py)
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<latexit sha1_base64="9oTZastVolEw4a2883IfPPQn5Qc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjl7WE2G9YbbtOdA60SryQNKNEe1r/8UUJMTIUmHCs18NxUBzmWmhFOZzXfKJpiMsVjOrBU4JiqIJ9nnqEzq4xQlEj7hEZz9fdGjmOlsji0k0VGtewV4n/ewOjoJsiZSI2mgiwORYYjnaCiADRikhLNM0swkcxmRWSCJSba1lSzJXjLX14l3Yumd9V0Hy4brduyjiqcwCmcgwfX0IJ7aEMHCKTwDK/w5hjnxXl3PhajFafcOYY/cD5/AFvskeU=</latexit>

Py

<latexit sha1_base64="jhRoeoJGWXsZkSPUllmmHLCCyio="></latexit>

P̂y = arg min
Py

� lnp ({y1, · · · ,yN}|Py)

= arg min
Py

� ln
NY

i=1

p (yi|Py)

= arg min
Py

�
NX

i=1

lnp (yi|Py)

<latexit sha1_base64="VOdsKQbaREr4nokEiJ7FMEv9J5w=">AAACJnicbVDLSsNAFJ34tr6qLt0MFsFFKYmIuhEEN65EwT6gKWUyudHBySTO3Igl5Gvc+CtuXCgi7vwUpzULbT0wcDjnXu6cE6RSGHTdT2dqemZ2bn5hsbK0vLK6Vl3faJkk0xyaPJGJ7gTMgBQKmihQQifVwOJAQju4PR367XvQRiTqCgcp9GJ2rUQkOEMr9avHfszwJojyQdEXdeojPGBOCyqOvbrPwwRN/dzKdxkLS1OoUKSgQlBY9Ks1t+GOQCeJV5IaKXHRr776YcKz2C5zyYzpem6KvZxpFFxCUfEzAynjt+waupYqFoPp5aOYBd2xSkijRNunkI7U3xs5i40ZxIGdHIYy495Q/M/rZhgd9WywNENQ/OdQlEmKCR12RkOhgaMcWMK4FvavlN8wzTjaZiu2BG888iRp7TW8g4Z7uV876ZR1LJAtsk12iUcOyQk5IxekSTh5JM/klbw5T86L8+58/IxOOeXOJvkD5+sbhSKl6A==</latexit>

yi, i = 1, · · · , N, indipendent
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<latexit sha1_base64="9oTZastVolEw4a2883IfPPQn5Qc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjl7WE2G9YbbtOdA60SryQNKNEe1r/8UUJMTIUmHCs18NxUBzmWmhFOZzXfKJpiMsVjOrBU4JiqIJ9nnqEzq4xQlEj7hEZz9fdGjmOlsji0k0VGtewV4n/ewOjoJsiZSI2mgiwORYYjnaCiADRikhLNM0swkcxmRWSCJSba1lSzJXjLX14l3Yumd9V0Hy4brduyjiqcwCmcgwfX0IJ7aEMHCKTwDK/w5hjnxXl3PhajFafcOYY/cD5/AFvskeU=</latexit>

Py

<latexit sha1_base64="iXsuh44C7VH7/X1sl6+HJ2TMxLo="></latexit>

p (yi|Py) =
1

|⇡Py|
exp

�
�yH

i
P�1

y yi

�
<latexit sha1_base64="VOdsKQbaREr4nokEiJ7FMEv9J5w=">AAACJnicbVDLSsNAFJ34tr6qLt0MFsFFKYmIuhEEN65EwT6gKWUyudHBySTO3Igl5Gvc+CtuXCgi7vwUpzULbT0wcDjnXu6cE6RSGHTdT2dqemZ2bn5hsbK0vLK6Vl3faJkk0xyaPJGJ7gTMgBQKmihQQifVwOJAQju4PR367XvQRiTqCgcp9GJ2rUQkOEMr9avHfszwJojyQdEXdeojPGBOCyqOvbrPwwRN/dzKdxkLS1OoUKSgQlBY9Ks1t+GOQCeJV5IaKXHRr776YcKz2C5zyYzpem6KvZxpFFxCUfEzAynjt+waupYqFoPp5aOYBd2xSkijRNunkI7U3xs5i40ZxIGdHIYy495Q/M/rZhgd9WywNENQ/OdQlEmKCR12RkOhgaMcWMK4FvavlN8wzTjaZiu2BG888iRp7TW8g4Z7uV876ZR1LJAtsk12iUcOyQk5IxekSTh5JM/klbw5T86L8+58/IxOOeXOJvkD5+sbhSKl6A==</latexit>

yi, i = 1, · · · , N, indipendent

<latexit sha1_base64="b25dTYtWp0aCOiRZRfRRYoDBCb8=">AAACLXicbVDLSgMxFM3UV62vqks3wSJUKGVGRF0WdOFKKtgHdMqQSTNtaOZBckcchvkhN/6KCC4q4tbfMH2Bth4InJxzL/fe40aCKzDNkZFbWV1b38hvFra2d3b3ivsHTRXGkrIGDUUo2y5RTPCANYCDYO1IMuK7grXc4fXYbz0yqXgYPEASsa5P+gH3OCWgJad4YwN7gpTzHs6w7RMYuF6aZA7HtuL+VKFEpHdZee6aWcWuzD91J8lOnWLJrJoT4GVizUgJzVB3im92L6SxzwKggijVscwIuimRwKlgWcGOFYsIHZI+62gaEJ+pbjq5NsMnWulhL5T6BYAn6u+OlPhKJb6rK8dLqkVvLP7ndWLwrropD6IYWECng7xYYAjxODrc45JREIkmhEqud8V0QCShoAMu6BCsxZOXSfOsal1UzfvzUq09iyOPjtAxKiMLXaIaukV11EAUPaNXNEIfxovxbnwaX9PSnDHrOUR/YHz/ABejqU4=</latexit>

iid yi ⇠ N (0, Py)

<latexit sha1_base64="eX+if2QzlMfOzQHO83d2XXWbBmQ="></latexit>

P̂y = arg min
Py

� lnp ({y1, · · · ,yN}|Py)

= arg min
Py

� ln
NY

i=1

p (yi|Py)

= arg min
Py

�
NX

i=1

lnp (yi|Py)

= arg min
Py

�
NX

i=1

⇥
ln (1)� ln

�
⇡M

�
� ln (|Py|) + ln

�
exp

�
�yH

i
P�1

y yi

��⇤
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<latexit sha1_base64="9oTZastVolEw4a2883IfPPQn5Qc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjl7WE2G9YbbtOdA60SryQNKNEe1r/8UUJMTIUmHCs18NxUBzmWmhFOZzXfKJpiMsVjOrBU4JiqIJ9nnqEzq4xQlEj7hEZz9fdGjmOlsji0k0VGtewV4n/ewOjoJsiZSI2mgiwORYYjnaCiADRikhLNM0swkcxmRWSCJSba1lSzJXjLX14l3Yumd9V0Hy4brduyjiqcwCmcgwfX0IJ7aEMHCKTwDK/w5hjnxXl3PhajFafcOYY/cD5/AFvskeU=</latexit>

Py

<latexit sha1_base64="iXsuh44C7VH7/X1sl6+HJ2TMxLo="></latexit>

p (yi|Py) =
1

|⇡Py|
exp

�
�yH

i
P�1

y yi

�
<latexit sha1_base64="VOdsKQbaREr4nokEiJ7FMEv9J5w=">AAACJnicbVDLSsNAFJ34tr6qLt0MFsFFKYmIuhEEN65EwT6gKWUyudHBySTO3Igl5Gvc+CtuXCgi7vwUpzULbT0wcDjnXu6cE6RSGHTdT2dqemZ2bn5hsbK0vLK6Vl3faJkk0xyaPJGJ7gTMgBQKmihQQifVwOJAQju4PR367XvQRiTqCgcp9GJ2rUQkOEMr9avHfszwJojyQdEXdeojPGBOCyqOvbrPwwRN/dzKdxkLS1OoUKSgQlBY9Ks1t+GOQCeJV5IaKXHRr776YcKz2C5zyYzpem6KvZxpFFxCUfEzAynjt+waupYqFoPp5aOYBd2xSkijRNunkI7U3xs5i40ZxIGdHIYy495Q/M/rZhgd9WywNENQ/OdQlEmKCR12RkOhgaMcWMK4FvavlN8wzTjaZiu2BG888iRp7TW8g4Z7uV876ZR1LJAtsk12iUcOyQk5IxekSTh5JM/klbw5T86L8+58/IxOOeXOJvkD5+sbhSKl6A==</latexit>

yi, i = 1, · · · , N, indipendent

<latexit sha1_base64="b25dTYtWp0aCOiRZRfRRYoDBCb8=">AAACLXicbVDLSgMxFM3UV62vqks3wSJUKGVGRF0WdOFKKtgHdMqQSTNtaOZBckcchvkhN/6KCC4q4tbfMH2Bth4InJxzL/fe40aCKzDNkZFbWV1b38hvFra2d3b3ivsHTRXGkrIGDUUo2y5RTPCANYCDYO1IMuK7grXc4fXYbz0yqXgYPEASsa5P+gH3OCWgJad4YwN7gpTzHs6w7RMYuF6aZA7HtuL+VKFEpHdZee6aWcWuzD91J8lOnWLJrJoT4GVizUgJzVB3im92L6SxzwKggijVscwIuimRwKlgWcGOFYsIHZI+62gaEJ+pbjq5NsMnWulhL5T6BYAn6u+OlPhKJb6rK8dLqkVvLP7ndWLwrropD6IYWECng7xYYAjxODrc45JREIkmhEqud8V0QCShoAMu6BCsxZOXSfOsal1UzfvzUq09iyOPjtAxKiMLXaIaukV11EAUPaNXNEIfxovxbnwaX9PSnDHrOUR/YHz/ABejqU4=</latexit>

iid yi ⇠ N (0, Py)

<latexit sha1_base64="UhGTofTYEf2neDcrTfbnNy+5RcA="></latexit>

P̂y = arg min
Py

� lnp ({y1, · · · ,yN}|Py)

= arg min
Py

� ln
NY

i=1

p (yi|Py)

= arg min
Py

�
NX

i=1

lnp (yi|Py)

= arg min
Py

NX

i=1

⇥
ln (|Py|) + yH

i
P�1

y yi

⇤



Maximum likelihood estimation of

Andreas Koutrouvelis 73

<latexit sha1_base64="9oTZastVolEw4a2883IfPPQn5Qc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjl7WE2G9YbbtOdA60SryQNKNEe1r/8UUJMTIUmHCs18NxUBzmWmhFOZzXfKJpiMsVjOrBU4JiqIJ9nnqEzq4xQlEj7hEZz9fdGjmOlsji0k0VGtewV4n/ewOjoJsiZSI2mgiwORYYjnaCiADRikhLNM0swkcxmRWSCJSba1lSzJXjLX14l3Yumd9V0Hy4brduyjiqcwCmcgwfX0IJ7aEMHCKTwDK/w5hjnxXl3PhajFafcOYY/cD5/AFvskeU=</latexit>

Py

<latexit sha1_base64="iXsuh44C7VH7/X1sl6+HJ2TMxLo="></latexit>

p (yi|Py) =
1

|⇡Py|
exp

�
�yH

i
P�1

y yi

�
<latexit sha1_base64="VOdsKQbaREr4nokEiJ7FMEv9J5w=">AAACJnicbVDLSsNAFJ34tr6qLt0MFsFFKYmIuhEEN65EwT6gKWUyudHBySTO3Igl5Gvc+CtuXCgi7vwUpzULbT0wcDjnXu6cE6RSGHTdT2dqemZ2bn5hsbK0vLK6Vl3faJkk0xyaPJGJ7gTMgBQKmihQQifVwOJAQju4PR367XvQRiTqCgcp9GJ2rUQkOEMr9avHfszwJojyQdEXdeojPGBOCyqOvbrPwwRN/dzKdxkLS1OoUKSgQlBY9Ks1t+GOQCeJV5IaKXHRr776YcKz2C5zyYzpem6KvZxpFFxCUfEzAynjt+waupYqFoPp5aOYBd2xSkijRNunkI7U3xs5i40ZxIGdHIYy495Q/M/rZhgd9WywNENQ/OdQlEmKCR12RkOhgaMcWMK4FvavlN8wzTjaZiu2BG888iRp7TW8g4Z7uV876ZR1LJAtsk12iUcOyQk5IxekSTh5JM/klbw5T86L8+58/IxOOeXOJvkD5+sbhSKl6A==</latexit>

yi, i = 1, · · · , N, indipendent

<latexit sha1_base64="b25dTYtWp0aCOiRZRfRRYoDBCb8=">AAACLXicbVDLSgMxFM3UV62vqks3wSJUKGVGRF0WdOFKKtgHdMqQSTNtaOZBckcchvkhN/6KCC4q4tbfMH2Bth4InJxzL/fe40aCKzDNkZFbWV1b38hvFra2d3b3ivsHTRXGkrIGDUUo2y5RTPCANYCDYO1IMuK7grXc4fXYbz0yqXgYPEASsa5P+gH3OCWgJad4YwN7gpTzHs6w7RMYuF6aZA7HtuL+VKFEpHdZee6aWcWuzD91J8lOnWLJrJoT4GVizUgJzVB3im92L6SxzwKggijVscwIuimRwKlgWcGOFYsIHZI+62gaEJ+pbjq5NsMnWulhL5T6BYAn6u+OlPhKJb6rK8dLqkVvLP7ndWLwrropD6IYWECng7xYYAjxODrc45JREIkmhEqud8V0QCShoAMu6BCsxZOXSfOsal1UzfvzUq09iyOPjtAxKiMLXaIaukV11EAUPaNXNEIfxovxbnwaX9PSnDHrOUR/YHz/ABejqU4=</latexit>

iid yi ⇠ N (0, Py)

<latexit sha1_base64="A1lS949RJHnHz++em1rkY2RQt0I="></latexit>

@

@P̂y

NX

i=1

h
ln

⇣
|P̂y|

⌘
+ yH

i
P̂�1

y yi

i
= 0 !

NX

i=1

"
@

@P̂y

ln
⇣
|P̂y|

⌘
+

@

@P̂y

yH

i
P̂�1

y yi

#
= 0 !

<latexit sha1_base64="B2mb6r07w3psBYQxCETpQVuykUo="></latexit>

!
NX

i=1

h
P̂�1

y � P̂�1
y yiy

H

i
P̂�1

y

i
= 0 !

NX

i=1

h
P̂�1

y � P̂�1
y yiy

H

i
P̂�1

y

i
P̂y = 0P̂y !

<latexit sha1_base64="cwr6Cmxb2agTQ4p9KB2T5DfZnKM="></latexit>

!
NX

i=1

h
I� P̂�1

y yiy
H

i

i
= 0 ! P̂y =

1

N

NX

i=1

yiy
H

i
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<latexit sha1_base64="6eztJtuFaDqv3M2oezsz+ODyJqM=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlxY3uKtgLNCFMppN26GQSZiZCCXkmNz6J4EIXirj1IZykEbTtDwMf/zmHOef3Y0alsqxXo7K0vLK6Vl2vbWxube+Yu3sdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6frj67zefSBC0ojfq0lM3BANOQ0oRkpbnnnrjJBKRXYCC3BCpEZ+kF5ls05rkeP9Ms9qnlm3GlYhOA92CXVQquWZz84gwklIuMIMSdm3rVi5KRKKYkaympNIEiM8RkPS18hRSKSbFidn8Eg7AxhEQj+uYOH+nUhRKOUk9HVnvqKcreXmolo/UcGlm1IeJ4pwPP0oSBhUEczzgwMqCFZsogFhQfWuEI+QQFjplPMQ7NmT56Fz2rDPG9bdWb3ZK+OoggNwCI6BDS5AE9yAFmgDDB7BC3gHH8aT8WZ8Gl/T1opRzuyDfzK+fwA5A6wK</latexit>

r̂, Â, P̂, P̂n
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<latexit sha1_base64="FcQ94m7Vmj2qu8LUHf0gJ9EwIIs=">AAACBXicbZDLSsNAFIYnXmu9RV3qIlgEVyURUZcFNy4r2As0IUymk3boZBJmToQQsnHjq7hxoYhb38Gdb+OkjaCtPwx8/Occ5pw/SDhTYNtfxtLyyuraem2jvrm1vbNr7u13VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT67Leu6dSsVjcQZZQL8IjwUJGMGjLN4/cMYbcjTCMgzBvF4X/w1lR982G3bSnshbBqaCBKrV989MdxiSNqADCsVIDx07Ay7EERjgt6m6qaILJBI/oQKPAEVVePr2isE60M7TCWOonwJq6vydyHCmVRYHuLFdU87XS/K82SCG88nImkhSoILOPwpRbEFtlJNaQSUqAZxowkUzvapExlpiADq4MwZk/eRG6Z03nomnfnjda/SqOGjpEx+gUOegStdANaqMOIugBPaEX9Go8Gs/Gm/E+a10yqpkD9EfGxzdY7Jkt</latexit>

P̂y
estimate

<latexit sha1_base64="6eztJtuFaDqv3M2oezsz+ODyJqM=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlxY3uKtgLNCFMppN26GQSZiZCCXkmNz6J4EIXirj1IZykEbTtDwMf/zmHOef3Y0alsqxXo7K0vLK6Vl2vbWxube+Yu3sdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6frj67zefSBC0ojfq0lM3BANOQ0oRkpbnnnrjJBKRXYCC3BCpEZ+kF5ls05rkeP9Ms9qnlm3GlYhOA92CXVQquWZz84gwklIuMIMSdm3rVi5KRKKYkaympNIEiM8RkPS18hRSKSbFidn8Eg7AxhEQj+uYOH+nUhRKOUk9HVnvqKcreXmolo/UcGlm1IeJ4pwPP0oSBhUEczzgwMqCFZsogFhQfWuEI+QQFjplPMQ7NmT56Fz2rDPG9bdWb3ZK+OoggNwCI6BDS5AE9yAFmgDDB7BC3gHH8aT8WZ8Gl/T1opRzuyDfzK+fwA5A6wK</latexit>

r̂, Â, P̂, P̂n

ŝ
<latexit sha1_base64="opQVj9HtvsKQVog2S+OnroQ0+bc=">AAAB+XicbVDLSsNAFL3xWesr6tJNsAiuSlIFXRbcuKxgH9CEMplO2qGTSZi5KZTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJU8E1uu63tbG5tb2zW9mr7h8cHh3bJ6cdnWSKsjZNRKJ6IdFMcMnayFGwXqoYiUPBuuHkvvC7U6Y0T+QTzlIWxGQkecQpQSMNbNsfE8z9mOA4jHI9nw/smlt3F3DWiVeSGpRoDewvf5jQLGYSqSBa9z03xSAnCjkVbF71M81SQidkxPqGShIzHeSL5HPn0ihDJ0qUeRKdhfp7Iyex1rM4NJNFRL3qFeJ/Xj/D6C7IuUwzZJIuD0WZcDBxihqcIVeMopgZQqjiJqtDx0QRiqasqinBW/3yOuk06t51vfF4U2v2yjoqcA4XcAUe3EITHqAFbaAwhWd4hTcrt16sd+tjObphlTtn8AfW5w9WU5Qv</latexit>
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P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

exploratory factor 
analysis (EFA)

� = APAH
<latexit sha1_base64="4E4oIboGzCrFM3rONINkU19OUE0=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiuSlIF3QgVN11GsA9oYplMJ+3QySTMTIQS8htu/BU3LhRxqSv/xkmborYeGDhzzr3ce48fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+SUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6zv32PRGSRvxWjWPihWjAaUAxUlrqmZYbIjX0g9R1hjSDl3D2v8pmzMl+tLtGz6xYVWsCuEjsglRAAadnfrj9CCch4QozJGXXtmLlpUgoihnJym4iSYzwCA1IV1OOQiK9dHJZBo+10odBJPTjCk7U3x0pCqUch76uzHeU814u/ud1ExVceCnlcaIIx9NBQcKgimAeE+xTQbBiY00QFlTvCvEQCYSVDrOsQ7DnT14krVrVPq3Wbs4q9U4RRwkcgiNwAmxwDuqgARzQBBg8gCfwAl6NR+PZeDPep6VLRtFzAP7A+PwGTSChLw==</latexit>

where

<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

<latexit sha1_base64="6eztJtuFaDqv3M2oezsz+ODyJqM=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlxY3uKtgLNCFMppN26GQSZiZCCXkmNz6J4EIXirj1IZykEbTtDwMf/zmHOef3Y0alsqxXo7K0vLK6Vl2vbWxube+Yu3sdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6frj67zefSBC0ojfq0lM3BANOQ0oRkpbnnnrjJBKRXYCC3BCpEZ+kF5ls05rkeP9Ms9qnlm3GlYhOA92CXVQquWZz84gwklIuMIMSdm3rVi5KRKKYkaympNIEiM8RkPS18hRSKSbFidn8Eg7AxhEQj+uYOH+nUhRKOUk9HVnvqKcreXmolo/UcGlm1IeJ4pwPP0oSBhUEczzgwMqCFZsogFhQfWuEI+QQFjplPMQ7NmT56Fz2rDPG9bdWb3ZK+OoggNwCI6BDS5AE9yAFmgDDB7BC3gHH8aT8WZ8Gl/T1opRzuyDfzK+fwA5A6wK</latexit>

r̂, Â, P̂, P̂n
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P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

exploratory factor 
analysis (EFA)

� = APAH
<latexit sha1_base64="4E4oIboGzCrFM3rONINkU19OUE0=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiuSlIF3QgVN11GsA9oYplMJ+3QySTMTIQS8htu/BU3LhRxqSv/xkmborYeGDhzzr3ce48fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+SUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6zv32PRGSRvxWjWPihWjAaUAxUlrqmZYbIjX0g9R1hjSDl3D2v8pmzMl+tLtGz6xYVWsCuEjsglRAAadnfrj9CCch4QozJGXXtmLlpUgoihnJym4iSYzwCA1IV1OOQiK9dHJZBo+10odBJPTjCk7U3x0pCqUch76uzHeU814u/ud1ExVceCnlcaIIx9NBQcKgimAeE+xTQbBiY00QFlTvCvEQCYSVDrOsQ7DnT14krVrVPq3Wbs4q9U4RRwkcgiNwAmxwDuqgARzQBBg8gCfwAl6NR+PZeDPep6VLRtFzAP7A+PwGTSChLw==</latexit>

where

<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

r̂ = rank
⇣
�̂
⌘

<latexit sha1_base64="y+2bRmrgTf8Uqqi54bzTOVZQaT0=">AAACIHicbZBNS8NAEIY3flu/qh69LBZBLyVRoV6EghePFawWmlI220mzdLMJuxOxhPwUL/4VLx4U0Zv+Gre1B20dWHh43xl25g1SKQy67qczN7+wuLS8slpaW9/Y3Cpv79yYJNMcmjyRiW4FzIAUCpooUEIr1cDiQMJtMLgY+bd3oI1I1DUOU+jErK9EKDhDK3XLNT9imOuCnlMf4d4iU4PClxDiIR17fswwCsLcb0SiKKivRT/Co2654lbdcdFZ8CZQIZNqdMsffi/hWQwKuWTGtD03xU7ONAouoSj5mYGU8QHrQ9uiYjGYTj4+sKAHVunRMNH2KaRj9fdEzmJjhnFgO0fbmmlvJP7ntTMMzzq5UGmGoPjPR2EmKSZ0lBbtCQ0c5dAC41rYXSmPmGYcbaYlG4I3ffIs3BxXvZPq8dVppd6axLFC9sg+OSQeqZE6uSQN0iScPJAn8kJenUfn2Xlz3n9a55zJzC75U87XN9ylpBY=</latexit>

<latexit sha1_base64="6eztJtuFaDqv3M2oezsz+ODyJqM=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlxY3uKtgLNCFMppN26GQSZiZCCXkmNz6J4EIXirj1IZykEbTtDwMf/zmHOef3Y0alsqxXo7K0vLK6Vl2vbWxube+Yu3sdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6frj67zefSBC0ojfq0lM3BANOQ0oRkpbnnnrjJBKRXYCC3BCpEZ+kF5ls05rkeP9Ms9qnlm3GlYhOA92CXVQquWZz84gwklIuMIMSdm3rVi5KRKKYkaympNIEiM8RkPS18hRSKSbFidn8Eg7AxhEQj+uYOH+nUhRKOUk9HVnvqKcreXmolo/UcGlm1IeJ4pwPP0oSBhUEczzgwMqCFZsogFhQfWuEI+QQFjplPMQ7NmT56Fz2rDPG9bdWb3ZK+OoggNwCI6BDS5AE9yAFmgDDB7BC3gHH8aT8WZ8Gl/T1opRzuyDfzK+fwA5A6wK</latexit>

r̂, Â, P̂, P̂n
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P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

exploratory factor 
analysis (EFA)

� = APAH
<latexit sha1_base64="4E4oIboGzCrFM3rONINkU19OUE0=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiuSlIF3QgVN11GsA9oYplMJ+3QySTMTIQS8htu/BU3LhRxqSv/xkmborYeGDhzzr3ce48fMyqVZX0ZS8srq2vrpY3y5tb2zq65t9+SUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6zv32PRGSRvxWjWPihWjAaUAxUlrqmZYbIjX0g9R1hjSDl3D2v8pmzMl+tLtGz6xYVWsCuEjsglRAAadnfrj9CCch4QozJGXXtmLlpUgoihnJym4iSYzwCA1IV1OOQiK9dHJZBo+10odBJPTjCk7U3x0pCqUch76uzHeU814u/ud1ExVceCnlcaIIx9NBQcKgimAeE+xTQbBiY00QFlTvCvEQCYSVDrOsQ7DnT14krVrVPq3Wbs4q9U4RRwkcgiNwAmxwDuqgARzQBBg8gCfwAl6NR+PZeDPep6VLRtFzAP7A+PwGTSChLw==</latexit>

where

<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

r̂ = rank
⇣
�̂
⌘

<latexit sha1_base64="y+2bRmrgTf8Uqqi54bzTOVZQaT0=">AAACIHicbZBNS8NAEIY3flu/qh69LBZBLyVRoV6EghePFawWmlI220mzdLMJuxOxhPwUL/4VLx4U0Zv+Gre1B20dWHh43xl25g1SKQy67qczN7+wuLS8slpaW9/Y3Cpv79yYJNMcmjyRiW4FzIAUCpooUEIr1cDiQMJtMLgY+bd3oI1I1DUOU+jErK9EKDhDK3XLNT9imOuCnlMf4d4iU4PClxDiIR17fswwCsLcb0SiKKivRT/Co2654lbdcdFZ8CZQIZNqdMsffi/hWQwKuWTGtD03xU7ONAouoSj5mYGU8QHrQ9uiYjGYTj4+sKAHVunRMNH2KaRj9fdEzmJjhnFgO0fbmmlvJP7ntTMMzzq5UGmGoPjPR2EmKSZ0lBbtCQ0c5dAC41rYXSmPmGYcbaYlG4I3ffIs3BxXvZPq8dVppd6axLFC9sg+OSQeqZE6uSQN0iScPJAn8kJenUfn2Xlz3n9a55zJzC75U87XN9ylpBY=</latexit>

confirmatory factor 
analysis (CFA)

r̂
<latexit sha1_base64="qErt07GVjh19x3bPDLX1Y2rzp30=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGCbQNtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TZJpxlsskYn2Q2q4FIq3UKDkfqo5jUPJO+H4duZ3nrg2IlEPOEl5ENOhEpFgFK3k90YUcz0l/UrVrblzkFXiFaQKBZr9yldvkLAs5gqZpMZ0PTfFIKcaBZN8Wu5lhqeUjemQdy1VNOYmyOf3Tsm5VQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wuglyodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCMq2xC85ZdXSbte8y5r9furasMv4ijBKZzBBXhwDQ24gya0gIGEZ3iFN+fReXHenY9F65pTzJzAHzifPweMkAc=</latexit>

<latexit sha1_base64="tcnMtPTyIdKam8mOTvEQb+V6CmA=">AAACKHicbZDLSsNAFIYn9VbrrerSzWARXEhJRNSdFTcuK9haaEKZTCft0MkkzJwIJeRx3PgqbkQU6dYncdJWsJcfBn6+cw5zzu/Hgmuw7ZFVWFldW98obpa2tnd298r7B00dJYqyBo1EpFo+0UxwyRrAQbBWrBgJfcGe/MFdXn96ZkrzSD7CMGZeSHqSB5wSMKhTvnH7BFI3JND3g/Q2y87wDKkvI50/L7NOuWJX7bHwonGmpoKmqnfKH243oknIJFBBtG47dgxeShRwKlhWchPNYkIHpMfaxkoSMu2l40MzfGJIFweRMk8CHtP/EykJtR6GvunMN9TztRwuq7UTCK69lMs4ASbp5KMgERginKeGu1wxCmJoDKGKm10x7RNFKJhsSyYEZ/7kRdM8rzqXVfvholJrTeMooiN0jE6Rg65QDd2jOmogil7QG/pEX9ar9W59W6NJa8GazhyiGVk/v7LcqE0=</latexit>

Â, P̂, P̂n

<latexit sha1_base64="6eztJtuFaDqv3M2oezsz+ODyJqM=">AAACMnicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlxY3uKtgLNCFMppN26GQSZiZCCXkmNz6J4EIXirj1IZykEbTtDwMf/zmHOef3Y0alsqxXo7K0vLK6Vl2vbWxube+Yu3sdGSUCkzaOWCR6PpKEUU7aiipGerEgKPQZ6frj67zefSBC0ojfq0lM3BANOQ0oRkpbnnnrjJBKRXYCC3BCpEZ+kF5ls05rkeP9Ms9qnlm3GlYhOA92CXVQquWZz84gwklIuMIMSdm3rVi5KRKKYkaympNIEiM8RkPS18hRSKSbFidn8Eg7AxhEQj+uYOH+nUhRKOUk9HVnvqKcreXmolo/UcGlm1IeJ4pwPP0oSBhUEczzgwMqCFZsogFhQfWuEI+QQFjplPMQ7NmT56Fz2rDPG9bdWb3ZK+OoggNwCI6BDS5AE9yAFmgDDB7BC3gHH8aT8WZ8Gl/T1opRzuyDfzK+fwA5A6wK</latexit>

r̂, Â, P̂, P̂n
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Minimum rank factor analysis (Lederman 1940, Ten Berge et al. 1991):

<latexit sha1_base64="ICyvlTVanYx5/K1rX8AJFvMN4SM="></latexit>

�̂, P̂n = arg min
�,Pn

rank (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

This is a non-convex optimization problem. 

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n
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Minimum rank factor analysis (Lederman 1940, Ten Berge et al. 1991):

<latexit sha1_base64="ICyvlTVanYx5/K1rX8AJFvMN4SM="></latexit>

�̂, P̂n = arg min
�,Pn

rank (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

This is a non-convex optimization problem. 

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

<latexit sha1_base64="9GdjxDrfyl6M/C8ZAtvB4Kwm7DA="></latexit>

� = APAH = E⇤EH

eigenvectors
<latexit sha1_base64="AlOe3+GvTMSin+5/WKC9ziIBvUc=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil56rGA/sK0lm07b2Gx2SbJCKf0XXjwo4tV/481/Y7atoKIPBh7vzTAzz48E14aQD2dpeWV1bT21kd7c2t7Zzezt13UYKwY1FopQNX2qQXAJNcONgGakgAa+gIY/ukz8xj0ozUN5bcYRdAI6kLzPGTVWuoEuv61A9+6cdDNZkjsrFfJeAZMcIUU37yYkX/ROPexaJUEWLVDtZt7bvZDFAUjDBNW65ZLIdCZUGc4ETNPtWENE2YgOoGWppAHozmR28RQfW6WH+6GyJQ2eqd8nJjTQehz4tjOgZqh/e4n4l9eKTb/UmXAZxQYkmy/qxwKbECfv4x5XwIwYW0KZ4vZWzIZUUWZsSGkbwten+H9Sz+fcQo5cednyxSKOFDpER+gEuaiIyqiCqqiGGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3TyI9kJM=</latexit>

eH
i
ej = 0

<latexit sha1_base64="o9lXC+6jMReQiYE0aj26yk5VTuM="></latexit>

⇤ = Diag (�1, · · · ,�r)
eigenvalues

<latexit sha1_base64="tStHrFkRDDcjgm06DpRrAjF6NVc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGoa27ohuXFewDOqVkMpk2NPMwyRTK0D9x40IRt/6JO//GTFtBRQ8EDuecy705fsqZVAh9GKW19Y3NrfJ2ZWd3b//APDzqyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/uS787pQKyZL4Ts1SOojwKGYhI1hpaWiaHtfhAA8Z9Eb0HqKhWUXWZaPmuDWILITqtmMXxKm7Fy60tVKgClZoDc13L0hIFtFYEY6l7NsoVYMcC8UIp/OKl0maYjLBI9rXNMYRlYN8cfkcnmklgGEi9IsVXKjfJ3IcSTmLfJ2MsBrL314h/uX1MxU2BjmL00zRmCwXhRmHKoFFDTBgghLFZ5pgIpi+FZIxFpgoXVZFl/D1U/g/6TiWXbPQrVttXq3qKIMTcArOgQ3qoAluQAu0AQFT8ACewLORG4/Gi/G6jJaM1cwx+AHj7RPM+ZMg</latexit>

�i � 0



Exploratory Factor Analysis (EFA)

Andreas Koutrouvelis 80

Minimum rank factor analysis (Lederman 1940, Ten Berge et al. 1991):

<latexit sha1_base64="ICyvlTVanYx5/K1rX8AJFvMN4SM="></latexit>

�̂, P̂n = arg min
�,Pn

rank (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

This is a non-convex optimization problem. 

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

<latexit sha1_base64="9GdjxDrfyl6M/C8ZAtvB4Kwm7DA="></latexit>

� = APAH = E⇤EH

eigenvectors
<latexit sha1_base64="AlOe3+GvTMSin+5/WKC9ziIBvUc=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil56rGA/sK0lm07b2Gx2SbJCKf0XXjwo4tV/481/Y7atoKIPBh7vzTAzz48E14aQD2dpeWV1bT21kd7c2t7Zzezt13UYKwY1FopQNX2qQXAJNcONgGakgAa+gIY/ukz8xj0ozUN5bcYRdAI6kLzPGTVWuoEuv61A9+6cdDNZkjsrFfJeAZMcIUU37yYkX/ROPexaJUEWLVDtZt7bvZDFAUjDBNW65ZLIdCZUGc4ETNPtWENE2YgOoGWppAHozmR28RQfW6WH+6GyJQ2eqd8nJjTQehz4tjOgZqh/e4n4l9eKTb/UmXAZxQYkmy/qxwKbECfv4x5XwIwYW0KZ4vZWzIZUUWZsSGkbwten+H9Sz+fcQo5cednyxSKOFDpER+gEuaiIyqiCqqiGGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3TyI9kJM=</latexit>

eH
i
ej = 0

<latexit sha1_base64="o9lXC+6jMReQiYE0aj26yk5VTuM="></latexit>

⇤ = Diag (�1, · · · ,�r)
eigenvalues

<latexit sha1_base64="tStHrFkRDDcjgm06DpRrAjF6NVc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGoa27ohuXFewDOqVkMpk2NPMwyRTK0D9x40IRt/6JO//GTFtBRQ8EDuecy705fsqZVAh9GKW19Y3NrfJ2ZWd3b//APDzqyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/uS787pQKyZL4Ts1SOojwKGYhI1hpaWiaHtfhAA8Z9Eb0HqKhWUXWZaPmuDWILITqtmMXxKm7Fy60tVKgClZoDc13L0hIFtFYEY6l7NsoVYMcC8UIp/OKl0maYjLBI9rXNMYRlYN8cfkcnmklgGEi9IsVXKjfJ3IcSTmLfJ2MsBrL314h/uX1MxU2BjmL00zRmCwXhRmHKoFFDTBgghLFZ5pgIpi+FZIxFpgoXVZFl/D1U/g/6TiWXbPQrVttXq3qKIMTcArOgQ3qoAluQAu0AQFT8ACewLORG4/Gi/G6jJaM1cwx+AHj7RPM+ZMg</latexit>

�i � 0

<latexit sha1_base64="7En1bqrKPzyRN0QTRuuS/Fao/L4="></latexit>

� =

2

64
�1
...
�r

3

75
<latexit sha1_base64="f4ZF0Ef16UBXQxiWqG8E/945q6g="></latexit>

rank (�) = ||�||0



Exploratory Factor Analysis (EFA)
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Minimum trace factor analysis (Lederman 1940, Della Riccia et al. 1982):

<latexit sha1_base64="gUOO7m4NJPDJ5xrpyGfiaN2mQUQ="></latexit>

�̂, P̂n = arg min
�,Pn

trace (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

This is a convex optimization problem. The global optimum will be obtained for sure. 

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

<latexit sha1_base64="9GdjxDrfyl6M/C8ZAtvB4Kwm7DA="></latexit>

� = APAH = E⇤EH

eigenvectors
<latexit sha1_base64="AlOe3+GvTMSin+5/WKC9ziIBvUc=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil56rGA/sK0lm07b2Gx2SbJCKf0XXjwo4tV/481/Y7atoKIPBh7vzTAzz48E14aQD2dpeWV1bT21kd7c2t7Zzezt13UYKwY1FopQNX2qQXAJNcONgGakgAa+gIY/ukz8xj0ozUN5bcYRdAI6kLzPGTVWuoEuv61A9+6cdDNZkjsrFfJeAZMcIUU37yYkX/ROPexaJUEWLVDtZt7bvZDFAUjDBNW65ZLIdCZUGc4ETNPtWENE2YgOoGWppAHozmR28RQfW6WH+6GyJQ2eqd8nJjTQehz4tjOgZqh/e4n4l9eKTb/UmXAZxQYkmy/qxwKbECfv4x5XwIwYW0KZ4vZWzIZUUWZsSGkbwten+H9Sz+fcQo5cednyxSKOFDpER+gEuaiIyqiCqqiGGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3TyI9kJM=</latexit>

eH
i
ej = 0

<latexit sha1_base64="o9lXC+6jMReQiYE0aj26yk5VTuM="></latexit>

⇤ = Diag (�1, · · · ,�r)
eigenvalues

<latexit sha1_base64="tStHrFkRDDcjgm06DpRrAjF6NVc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGoa27ohuXFewDOqVkMpk2NPMwyRTK0D9x40IRt/6JO//GTFtBRQ8EDuecy705fsqZVAh9GKW19Y3NrfJ2ZWd3b//APDzqyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/uS787pQKyZL4Ts1SOojwKGYhI1hpaWiaHtfhAA8Z9Eb0HqKhWUXWZaPmuDWILITqtmMXxKm7Fy60tVKgClZoDc13L0hIFtFYEY6l7NsoVYMcC8UIp/OKl0maYjLBI9rXNMYRlYN8cfkcnmklgGEi9IsVXKjfJ3IcSTmLfJ2MsBrL314h/uX1MxU2BjmL00zRmCwXhRmHKoFFDTBgghLFZ5pgIpi+FZIxFpgoXVZFl/D1U/g/6TiWXbPQrVttXq3qKIMTcArOgQ3qoAluQAu0AQFT8ACewLORG4/Gi/G6jJaM1cwx+AHj7RPM+ZMg</latexit>

�i � 0



Exploratory Factor Analysis (EFA)
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Minimum trace factor analysis (Lederman 1940, Della Riccia et al. 1982):

<latexit sha1_base64="gUOO7m4NJPDJ5xrpyGfiaN2mQUQ="></latexit>

�̂, P̂n = arg min
�,Pn

trace (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

This is a convex optimization problem. The global optimum will be obtained for sure. 

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n

<latexit sha1_base64="9GdjxDrfyl6M/C8ZAtvB4Kwm7DA="></latexit>

� = APAH = E⇤EH

eigenvectors
<latexit sha1_base64="AlOe3+GvTMSin+5/WKC9ziIBvUc=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lWxd2noQil56rGA/sK0lm07b2Gx2SbJCKf0XXjwo4tV/481/Y7atoKIPBh7vzTAzz48E14aQD2dpeWV1bT21kd7c2t7Zzezt13UYKwY1FopQNX2qQXAJNcONgGakgAa+gIY/ukz8xj0ozUN5bcYRdAI6kLzPGTVWuoEuv61A9+6cdDNZkjsrFfJeAZMcIUU37yYkX/ROPexaJUEWLVDtZt7bvZDFAUjDBNW65ZLIdCZUGc4ETNPtWENE2YgOoGWppAHozmR28RQfW6WH+6GyJQ2eqd8nJjTQehz4tjOgZqh/e4n4l9eKTb/UmXAZxQYkmy/qxwKbECfv4x5XwIwYW0KZ4vZWzIZUUWZsSGkbwten+H9Sz+fcQo5cednyxSKOFDpER+gEuaiIyqiCqqiGGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3TyI9kJM=</latexit>

eH
i
ej = 0

<latexit sha1_base64="o9lXC+6jMReQiYE0aj26yk5VTuM="></latexit>

⇤ = Diag (�1, · · · ,�r)
eigenvalues

<latexit sha1_base64="tStHrFkRDDcjgm06DpRrAjF6NVc=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGoa27ohuXFewDOqVkMpk2NPMwyRTK0D9x40IRt/6JO//GTFtBRQ8EDuecy705fsqZVAh9GKW19Y3NrfJ2ZWd3b//APDzqyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/uS787pQKyZL4Ts1SOojwKGYhI1hpaWiaHtfhAA8Z9Eb0HqKhWUXWZaPmuDWILITqtmMXxKm7Fy60tVKgClZoDc13L0hIFtFYEY6l7NsoVYMcC8UIp/OKl0maYjLBI9rXNMYRlYN8cfkcnmklgGEi9IsVXKjfJ3IcSTmLfJ2MsBrL314h/uX1MxU2BjmL00zRmCwXhRmHKoFFDTBgghLFZ5pgIpi+FZIxFpgoXVZFl/D1U/g/6TiWXbPQrVttXq3qKIMTcArOgQ3qoAluQAu0AQFT8ACewLORG4/Gi/G6jJaM1cwx+AHj7RPM+ZMg</latexit>

�i � 0

<latexit sha1_base64="7En1bqrKPzyRN0QTRuuS/Fao/L4="></latexit>

� =

2

64
�1
...
�r

3

75

<latexit sha1_base64="4uzxRF4NoJqhXQNmguH/RO0gZI8="></latexit>

trace (�) =
MX

i=1

�i = ||�||1



Exploratory Factor Analysis (EFA)
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Minimum trace factor analysis (Lederman 1940, Della Riccia et al. 1982):

<latexit sha1_base64="gUOO7m4NJPDJ5xrpyGfiaN2mQUQ="></latexit>

�̂, P̂n = arg min
�,Pn

trace (�)

s.t. P̂y = �+Pn

� ⌫ 0

Pn = Diag(pn1, pn2, · · · , pn2) ⌫ 0.

r̂ = rank
⇣
�̂
⌘
: is not a good estimate of number of sources

<latexit sha1_base64="+sOk+3XhRxcCyZuHPXKk5Wn0hW8="></latexit>

P̂y
<latexit sha1_base64="eobhTj6QjkCD0PNUxCLBkxJ5StI=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaL4KokVdBlwY3LCvYCTSiT6aQdOpmEmYkQQjZufBU3LhRx6zu4821M2gja+sPAx3/OYc75vYgzpS3ry6isrK6tb1Q3a1vbO7t75v5BV4WxJLRDQh7KvocV5UzQjmaa034kKQ48Tnve9Lqo9+6pVCwUdzqJqBvgsWA+I1jn1tA8diZYp06A9cTz03aWDX84yWpDs241rJnQMtgl1KFUe2h+OqOQxAEVmnCs1MC2Iu2mWGpGOM1qTqxohMkUj+kgR4EDqtx0dkWGTnNnhPxQ5k9oNHN/T6Q4UCoJvLyzWFEt1grzv9og1v6VmzIRxZoKMv/IjznSISoiQSMmKdE8yQETyfJdEZlgiYnOgytCsBdPXoZus2GfN5q3F/VWv4yjCkdwAmdgwyW04Aba0AECD/AEL/BqPBrPxpvxPm+tGOXMIfyR8fENWJSZLA==</latexit>

estimate
<latexit sha1_base64="M/CbsSqVydUVlaBPNZSyvWlbgiY=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXEhJRNRlwY3LCPYCTQiT6aQZOpmEmYlQQl7Dja/ixoUiLnXl2zhpI9jWHwY+/nMOc84fpIxKZVnfRm1ldW19o77Z2Nre2d0z9w+6MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGN2W990CEpAm/V5OUeDEacRpSjJS2fNNyI6RyN0YqCsLcdSJaFGdwznSKwv9lXvhm02pZU8FlsCtogkqOb366wwRnMeEKMyTlwLZS5eVIKIoZKRpuJkmK8BiNyEAjRzGRXj69rIAn2hnCMBH6cQWn7t+JHMVSTuJAd5YbysVaaf5XG2QqvPZyytNMEY5nH4UZgyqBZUxwSAXBik00ICyo3hXiCAmElQ6zoUOwF09ehu55y75sWXcXzXa/iqMOjsAxOAU2uAJtcAsc0AEYPIJn8ArejCfjxXg3PmatNaOaOQRzMr5+AJnEogA=</latexit>

�̂, P̂n



Scree Test (Cattell 1966)

Andreas Koutrouvelis 84

Figure: Normalized eigenvalues of        in descending order. Source: Koutrouvelis et al. 2019�̂
<latexit sha1_base64="nxA7GcpexizzrgIyT1T65mYXyFM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLgxmUF+4AmlMl00gydTMLMjRBC/BU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G7WNza3tnfpuY2//4PDIPD4ZqDiVhPZJzGM58rGinAnaBwacjhJJceRzOvTnt6U/fKRSsVg8QJZQL8IzwQJGMGhpYjbdEEPuRhhCP8jdXsiKYmK27La9gLVOnIq0UIXexPxypzFJIyqAcKzU2LET8HIsgRFOi4abKppgMsczOtZU4IgqL1+EL6xzrUytIJb6CbAW6u+NHEdKZZGvJ8uUatUrxf+8cQrBjZczkaRABVkeClJuQWyVTVhTJikBnmmCiWQ6q0VCLDEB3VdDl+CsfnmdDDpt57Ldub9qdUdVHXV0is7QBXLQNeqiO9RDfURQhp7RK3oznowX4934WI7WjGqnif7A+PwBbUmVVw==</latexit>

�̂
<latexit sha1_base64="nxA7GcpexizzrgIyT1T65mYXyFM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVZIq6LLgxmUF+4AmlMl00gydTMLMjRBC/BU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G7WNza3tnfpuY2//4PDIPD4ZqDiVhPZJzGM58rGinAnaBwacjhJJceRzOvTnt6U/fKRSsVg8QJZQL8IzwQJGMGhpYjbdEEPuRhhCP8jdXsiKYmK27La9gLVOnIq0UIXexPxypzFJIyqAcKzU2LET8HIsgRFOi4abKppgMsczOtZU4IgqL1+EL6xzrUytIJb6CbAW6u+NHEdKZZGvJ8uUatUrxf+8cQrBjZczkaRABVkeClJuQWyVTVhTJikBnmmCiWQ6q0VCLDEB3VdDl+CsfnmdDDpt57Ldub9qdUdVHXV0is7QBXLQNeqiO9RDfURQhp7RK3oznowX4934WI7WjGqnif7A+PwBbUmVVw==</latexit>

estimate
<latexit sha1_base64="fVGj5A0ysTHBQ1Q0n+WdklTndDY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rjw4jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPavRHF3Ez7lapf8+cgqyQoSBUKNPqVr95AsyzhCpmk1nYDP8UwpwYFk3xa7mWWp5SN6ZB3HVU04TbM5+dOyblTBiTWxpVCMld/T+Q0sXaSRK4zoTiyy95M/M/rZhjfhrlQaYZcscWiOJMENZn9TgbCcIZy4ghlRrhbCRtRQxm6hMouhGD55VXSuqwF1zX/4apa7xRxlOAUzuACAriBOtxDA5rAYAzP8ApvXuq9eO/ex6J1zStmTuAPvM8fr2KP3g==</latexit>

r̂
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time 
frame 

time 
frame

t : time frame index

T : set of all time frames within the time segment, t 2 T
<latexit sha1_base64="cZbM+gAEhfFqb5Vn+0/o+JYHBK4="></latexit>

time segment

· · ·<latexit sha1_base64="jVBnnNbw1IVj+8YKYkjGV0SDeH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGC/YA2lM1m067dZMPuRCih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluQA2XIuEtFCh5N9WcxoHknWB8O/M7T1wboZIHnKTcj+kwEZFgFK3U7rNQoRlUqm7NnYOsEq8gVSjQHFS++qFiWcwTZJIa0/PcFP2cahRM8mm5nxmeUjamQ96zNKExN34+v3ZKzq0SkkhpWwmSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jGz0WSZsgTtlgUZZKgIrPXSSg0ZygnllCmhb2VsBHVlKENqGxD8JZfXiXtes27rNXvr6qNbhFHCU7hDC7Ag2towB00oQUMHuEZXuHNUc6L8+58LFrXnGLmBP7A+fwBtkOPSQ==</latexit>

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate

<latexit sha1_base64="nZGIeoBZkB0FEzaKGlAHaHHIf10="></latexit>

P̂y(t1), r̂(t1)

Â(t1), P̂(t1), P̂n(t1)

<latexit sha1_base64="JLVC4un7kWDOOlq7vd+eutY1lmU="></latexit>

P̂y(t|T |), r̂(t|T |)

Â(t|T |), P̂(t|T |), P̂n(t|T |)

<latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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time 
frame 

time 
frame

t : time frame index

T : set of all time frames within the time segment, t 2 T
<latexit sha1_base64="cZbM+gAEhfFqb5Vn+0/o+JYHBK4="></latexit>

time segment

· · ·<latexit sha1_base64="jVBnnNbw1IVj+8YKYkjGV0SDeH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGC/YA2lM1m067dZMPuRCih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bRmWa8RZTUuluQA2XIuEtFCh5N9WcxoHknWB8O/M7T1wboZIHnKTcj+kwEZFgFK3U7rNQoRlUqm7NnYOsEq8gVSjQHFS++qFiWcwTZJIa0/PcFP2cahRM8mm5nxmeUjamQ96zNKExN34+v3ZKzq0SkkhpWwmSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jGz0WSZsgTtlgUZZKgIrPXSSg0ZygnllCmhb2VsBHVlKENqGxD8JZfXiXtes27rNXvr6qNbhFHCU7hDC7Ag2towB00oQUMHuEZXuHNUc6L8+58LFrXnGLmBP7A+fwBtkOPSQ==</latexit>

are the same 8t 2 T
<latexit sha1_base64="9bRFQs7d3GEinHRBz9/ezjErTog=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoMuCG5cV+oImlJvppB06mYSZiVBCwY2/4saFIm79CXf+jZM2C209MHA4517mnhMknCntON9WaW19Y3OrvF3Z2d3bP7APjzoqTiWhbRLzWPYCUJQzQduaaU57iaQQBZx2g8lt7ncfqFQsFi09TagfwUiwkBHQRhrYJ14YS+Aca+wxgb0I9JgAz1ozPLCrTs2ZA68StyBVVKA5sL+8YUzSiApNOCjVd51E+xlIzQins4qXKpoAmcCI9g0VEFHlZ/MMM3xulCE2x5gnNJ6rvzcyiJSaRoGZzG9Uy14u/uf1Ux3e+BkTSaqpIIuPwtQEjnFeCB4ySYnmU0OASGZuxWQMEog2tVVMCe5y5FXSqdfcy1r9/qra6BV1lNEpOkMXyEXXqIHuUBO1EUGP6Bm9ojfryXqx3q2PxWjJKnaO0R9Ynz80FpdO</latexit>

reduction of #unknowns:
<latexit sha1_base64="7YIm3ssxjo0EwKUQMChy7WbiM4k=">AAACCnicbZDLSsNAFIZP6q3WW9Wlm9EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhKzd+CpuXCji1idw59s46QW09YeBj/+cw5zz+zFnStv2t1VYWl5ZXSuulzY2t7Z3yrt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w5u83nqgUrFI3OtRTN0Q9wULGMHaWF75sBtiPfCD9Do7RTOuZ94MReaVK3bVHgstgjOFCkxV98pf3V5EkpAKTThWquPYsXZTLDUjnGalbqJojMkQ92nHoMAhVW46PiVDx8bpoSCS5gmNxu7viRSHSo1C33TmG6r5Wm7+V+skOrhyUybiRFNBJh8FCUc6QnkuqMckJZqPDGAimdkVkQGWmGiTXsmE4MyfvAjNs6pzUbXvziu19jSOIhzAEZyAA5dQg1uoQwMIPMIzvMKb9WS9WO/Wx6S1YE1n9uGPrM8fzCibDA==</latexit>

A,Pn

<latexit sha1_base64="2KpIt8XaOwvcggMVYCSemiXVSZY=">AAACWnicbVFbS8MwGE3rZW7zMi9vvgSHoCCjFVEfFV98nODcYB0lzdItmKY1+SqMkj/piwj+FcFsqzB1HwQO55LLSZQJrsHzPhx3ZXVtvbJRrdU3t7Z3Grt7TzrNFWUdmopU9SKimeCSdYCDYL1MMZJEgnWj57up3n1lSvNUPsIkY4OEjCSPOSVgqbDxEowJFEFCYBzFRduY8AdPzAmE/ukZnjmUwUFQ+2W+NaYUF+KLmWW7ShM2ml7Lmw3+D/wSNFE57bDxFgxTmidMAhVE677vZTAoiAJOBTO1INcsI/SZjFjfQkkSpgfFrBqDjy0zxHGq7JKAZ+xioiCJ1pMkss7pDfVfbUou0/o5xNeDgsssBybp/KA4FxhSPO0ZD7liFMTEAkIVt3fFdEwUoWB/o2ZL8P8++T94Om/5ly3v4aJ50yvr2ECH6AidIB9doRt0j9qogyh6R1/OulNxPl3Xrbr1udV1ysw++jXuwTc4hrZn</latexit>

P̂y(t1), r̂

Â, P̂(t1), P̂n

<latexit sha1_base64="e7yjqdPgbsxMumJcuBq+oS859KM=">AAACYnicbVFdS8MwFE2r86N+TX3Uh+AQFGS0Iuqj4ouPE9wHrKOkWeqCaVqSW6HU/EnffPLFH2I2K+jchcDhnHtubk7iXHANvv/uuEvLjZXVtXVvY3Nre6e5u9fTWaEo69JMZGoQE80El6wLHAQb5IqRNBasHz/fTfX+C1OaZ/IRypyNUvIkecIpAUtFzTKcEKjClMAkTqqOMdEPLs0JRNXr46s5PcOzLmVwGHp/DLfG1OKvEfO+RdOliZotv+3PCv8HQQ1aqK5O1HwLxxktUiaBCqL1MPBzGFVEAaeCGS8sNMsJfSZPbGihJCnTo2oWkcHHlhnjJFP2SMAz9rejIqnWZRrbzumGel6bkou0YQHJ9ajiMi+ASfp9UVIIDBme5o3HXDEKorSAUMXtrphOiCIU7K94NoRg/sn/Qe+8HVy2/YeL1s2gjmMNHaAjdIICdIVu0D3qoC6i6MNpONvOjvPpeu6uu//d6jq1Zx/9KffwCy0Lud4=</latexit>

P̂y(t|T |), r̂

Â, P̂(t|T |), P̂n

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate <latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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F (P̂y,Py)=

8
>><

>>:

(ML): log|Py|+ tr
⇣
P̂yP�1

y

⌘
,

(LS): 1
2 ||Py � P̂y||2F ,

(GLS): 12 ||P̂
� 1

2
y (Py � P̂y)P̂

� 1
2

y ||2F .
<latexit sha1_base64="I7FcR9GLfsgLLry0zXE/MBToZzM="></latexit>

(Mulaik 2009)

<latexit sha1_base64="64QNUJec8REP4IA1kxOwAgVjaPc="></latexit>

Â, {P̂(t) : t 2 T }, P̂n = arg min
A,Pn,

{P(t):t2T }

X

8⌧2T
F (P̂y(⌧),Py(⌧))

s.t. Py(t) = AP(t)AH +Pn, 8t 2 T
P(t) = Diag(p1(t), p2(t), · · · , pM (t)) ⌫ 0

Pn = Diag(pn1, pn2, · · · , pnM ) ⌫ 0

Confirmatory Factor Analysis (CFA)
(Jöreskog 1969, Parra et al. 2000, Koutrouvelis et al. 2019)

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate <latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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Â ⇡ AT�1, P̂(t) ⇡ TP(t)TH

T = ⇧S
<latexit sha1_base64="hq7xhGXJv9G8Acp80WNlPI/YG58="></latexit>

permutation, scaling
<latexit sha1_base64="VHCQEQh9kW9yhsKeFLnL2ScP7vs=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDJTBd0IBTcuK9gHtKVk0ts2NPMguSOWYb7Gjb/ixkVFxJ2fYjodQVsvBA7nnPvIcUMpNNr2p5VbWV1b38hvFra2d3b3ivsHDR1EikOdBzJQLZdpkMKHOgqU0AoVMM+V0HTHNzO9+QBKi8C/x0kIXY8NfTEQnKGhesXrTjojVtBP4g7CI8YhKC/CVE+SM5oZXBnBj0NzZvYNk6RXLNllOy26DJwMlEhWtV5x2ukHPPLARy6Z1m3HDrEbM4WCS0gKnUhDyPiYDaFtoM880N04vSChJ4bp00GgzPORpuzvjph5Wk881zg9hiO9qM3I/7R2hIOrbiz8MELw+XzRIJIUAzrLjPaFAo5yYgDjSphbKR8xxTiaZAsmBGfxy8ugUSk75+XK3UWp2sriyJMjckxOiUMuSZXckhqpE06eyAuZkjfr2Xq13q2PuTVnZT2H5E9ZX9+PYqj3</latexit>

<latexit sha1_base64="64QNUJec8REP4IA1kxOwAgVjaPc="></latexit>

Â, {P̂(t) : t 2 T }, P̂n = arg min
A,Pn,

{P(t):t2T }

X

8⌧2T
F (P̂y(⌧),Py(⌧))

s.t. Py(t) = AP(t)AH +Pn, 8t 2 T
P(t) = Diag(p1(t), p2(t), · · · , pM (t)) ⌫ 0

Pn = Diag(pn1, pn2, · · · , pnM ) ⌫ 0

Confirmatory Factor Analysis (CFA)
(Jöreskog 1969, Parra et al. 2000, Koutrouvelis et al. 2019)

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate <latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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permutation, scaling
<latexit sha1_base64="VHCQEQh9kW9yhsKeFLnL2ScP7vs=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDJTBd0IBTcuK9gHtKVk0ts2NPMguSOWYb7Gjb/ixkVFxJ2fYjodQVsvBA7nnPvIcUMpNNr2p5VbWV1b38hvFra2d3b3ivsHDR1EikOdBzJQLZdpkMKHOgqU0AoVMM+V0HTHNzO9+QBKi8C/x0kIXY8NfTEQnKGhesXrTjojVtBP4g7CI8YhKC/CVE+SM5oZXBnBj0NzZvYNk6RXLNllOy26DJwMlEhWtV5x2ukHPPLARy6Z1m3HDrEbM4WCS0gKnUhDyPiYDaFtoM880N04vSChJ4bp00GgzPORpuzvjph5Wk881zg9hiO9qM3I/7R2hIOrbiz8MELw+XzRIJIUAzrLjPaFAo5yYgDjSphbKR8xxTiaZAsmBGfxy8ugUSk75+XK3UWp2sriyJMjckxOiUMuSZXckhqpE06eyAuZkjfr2Xq13q2PuTVnZT2H5E9ZX9+PYqj3</latexit>

We select a 
reference 

microphone
⇢

<latexit sha1_base64="wTe9qQGoY83NB+V6M9iomXqhTX0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218G2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOo16cFVvPFzXmr0ijjKcwTlcQgA30IR7aEEbCEzgGV7hzRPei/fufSxbS14xcwp/4H3+ACeYjmE=</latexit>

<latexit sha1_base64="01wHFKEk0EsfJo163TFK3OECDHg="></latexit>

Â, {P̂(t) : t 2 T }, P̂n = arg min
A,Pn,

{P(t):t2T }

X

8⌧2T
F (P̂y(⌧),Py(⌧))

s.t. Py(t) = AP(t)AH +Pn, 8t 2 T
P(t) = Diag(p1(t), p2(t), · · · , pM (t)) ⌫ 0

Pn = Diag(pn1, pn2, · · · , pnM ) ⌫ 0

a⇢i = 1, for i = 1, · · · , r.
Â ⇡ AT�1, P̂(t) ⇡ TP(t)TH

T = ⇧<latexit sha1_base64="G2d4zUNE01LYFCJ4J5CJUvaEj0Y="></latexit>

Confirmatory Factor Analysis (CFA)
(Jöreskog 1969, Parra et al. 2000, Koutrouvelis et al. 2019)

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate <latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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permutation, scaling
<latexit sha1_base64="VHCQEQh9kW9yhsKeFLnL2ScP7vs=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4kDJTBd0IBTcuK9gHtKVk0ts2NPMguSOWYb7Gjb/ixkVFxJ2fYjodQVsvBA7nnPvIcUMpNNr2p5VbWV1b38hvFra2d3b3ivsHDR1EikOdBzJQLZdpkMKHOgqU0AoVMM+V0HTHNzO9+QBKi8C/x0kIXY8NfTEQnKGhesXrTjojVtBP4g7CI8YhKC/CVE+SM5oZXBnBj0NzZvYNk6RXLNllOy26DJwMlEhWtV5x2ukHPPLARy6Z1m3HDrEbM4WCS0gKnUhDyPiYDaFtoM880N04vSChJ4bp00GgzPORpuzvjph5Wk881zg9hiO9qM3I/7R2hIOrbiz8MELw+XzRIJIUAzrLjPaFAo5yYgDjSphbKR8xxTiaZAsmBGfxy8ugUSk75+XK3UWp2sriyJMjckxOiUMuSZXckhqpE06eyAuZkjfr2Xq13q2PuTVnZT2H5E9ZX9+PYqj3</latexit>

<latexit sha1_base64="01wHFKEk0EsfJo163TFK3OECDHg="></latexit>

Â, {P̂(t) : t 2 T }, P̂n = arg min
A,Pn,

{P(t):t2T }

X

8⌧2T
F (P̂y(⌧),Py(⌧))

s.t. Py(t) = AP(t)AH +Pn, 8t 2 T
P(t) = Diag(p1(t), p2(t), · · · , pM (t)) ⌫ 0

Pn = Diag(pn1, pn2, · · · , pnM ) ⌫ 0

a⇢i = 1, for i = 1, · · · , r.
Â ⇡ AT�1, P̂(t) ⇡ TP(t)TH

T = ⇧<latexit sha1_base64="G2d4zUNE01LYFCJ4J5CJUvaEj0Y="></latexit>

Relative acoustic 
transfer functions

Confirmatory Factor Analysis (CFA)
(Jöreskog 1969, Parra et al. 2000, Koutrouvelis et al. 2019)

P̂y, r̂
<latexit sha1_base64="yZThnmVhZiNcLsu8zjmnkoBM068=">AAACDnicbZDLSsNAFIYnXmu9RV26GSwFF1KSKuiy4MZlBXuBJoTJdNIOnUzCzEQIIU/gxldx40IRt67d+TZO0gjaemDg4//PYc75/ZhRqSzry1hZXVvf2Kxt1bd3dvf2zYPDvowSgUkPRywSQx9JwignPUUVI8NYEBT6jAz82XXhD+6JkDTidyqNiRuiCacBxUhpyTObzhSpzAmRmvpB1s1z74fT/AyWpsjrntmwWlZZcBnsChqgqq5nfjrjCCch4QozJOXItmLlZkgoihnJ604iSYzwDE3ISCNHIZFuVp6Tw6ZWxjCIhH5cwVL9PZGhUMo09HVnsatc9ArxP2+UqODKzSiPE0U4nn8UJAyqCBbZwDEVBCuWakBYUL0rxFMkEFY6wSIEe/HkZei3W/Z5q3170egMqzhq4BicgFNgg0vQATegC3oAgwfwBF7Aq/FoPBtvxvu8dcWoZo7AnzI+vgEfdpzV</latexit>

estimate <latexit sha1_base64="0gBRb9wsp9Ru3JcIVFfLrUqrc4g=">AAACKXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKjLihuXFewF2hAm00k7dDIJMxOhhLyOG1/FjYKibn0RkzaCvfww8POdc5hzfi/iTGnL+jJKK6tr6xvlzcrW9s7unrl/0FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N7rN6+1HKhULxYMeR9QJ8EAwnxGsM+Sa9d4Q66QXYD30/OQmTc/QDGksI+6fF2nFNatWzZoILRq7MFUo1HDNt14/JHFAhSYcK9W1rUg7CZaaEU7TSi9WNMJkhAe0m1mBA6qcZHJpik4y0kd+KLMnNJrQ/xMJDpQaB17Wma+o5ms5XFbrxtq/dhImolhTQaYf+TFHOkR5bKjPJCWajzODiWTZrogMscREZ+HmIdjzJy+a1nnNvqxZ9xfVeqeIowxHcAynYMMV1OEOGtAEAk/wAu/wYTwbr8an8T1tLRnFzCHMyPj5BQCjqGE=</latexit>

Â, P̂, P̂n
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Every time-frequency bin may have a different permutation ambiguity (i.e., a different                 ). There are 
several methods on how to solve the permutation ambiguities over time-frequency bins, e.g.,:

<latexit sha1_base64="Ff7k0G3tLCz8sHznJG8risR2F7U=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSElE1GXBjcsK9gFNKJPppB06mYSZG6XEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOkAiuwXG+rZXVtfWNzdJWeXtnd2/frhy0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTjm9zvPDCleSzvYZIwPyJDyUNOCRipb1e8iMAoCDOvyac1OBuf9u2qU3dmwMvELUgVFWj27S9vENM0YhKoIFr3XCcBPyMKOBVsWvZSzRJCx2TIeoZKEjHtZ7PoU3xilAEOY2WeBDxTf29kJNJ6EgVmMg+qF71c/M/rpRBe+xmXSQpM0vmhMBUYYpz3gAdcMQpiYgihipusmI6IIhRMW2VTgrv45WXSPq+7l3Xn7qLa6BZ1lNAROkY15KIr1EC3qIlaiKJH9Ixe0Zv1ZL1Y79bHfHTFKnYO0R9Ynz+hQJOn</latexit>

⇧(t, k)

• R.Mukai, H. Sawada, S. Araki, and S. Makino, “Frequency-domain blind source separation of many 
speech signals using near-field and far-field models,” EURASIP J. Appl. Signal Process., vol. 2006, no. 1, 
pp. 1–13, 2006.

• D. Nion, K. Mokios, N. D. Sidiropoulos, and A. Potamianos, “Batch and adaptive parafac-based blind 
separation of convolutive speech mixtures,” IEEE Trans. Audio, Speech, Lang. Process., vol. 18, no. 6, pp. 
1193–1207, Aug. 2010.
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<latexit sha1_base64="ClbPwYL0xVjtOg33Q9sNJToAx20=">AAACA3icbVA9SwNBEN3zM8avUzttFoNgFe5ENI0QsLERIhgN5ELY20zM4t7usTsnhiNg41+xsVDE1j9h579xE6/w68HA470ZZubFqRQWg+DDm5qemZ2bLy2UF5eWV1b9tfULqzPDocm11KYVMwtSKGiiQAmt1ABLYgmX8fXx2L+8AWOFVuc4TKGTsCsl+oIzdFLX3zw9qtEI4RZzGlVoIrjR6UArsKOuXwmqwQT0LwkLUiEFGl3/PeppniWgkEtmbTsMUuzkzKDgEkblKLOQMn7NrqDtqGIJ2E4++WFEd5zSo31tXCmkE/X7RM4Sa4dJ7DoThgP72xuL/3ntDPu1Ti5UmiEo/rWon0mKmo4DoT1hgKMcOsK4Ee5WygfMMI4utrILIfz98l9ysVcND6rB2X6l3iriKJEtsk12SUgOSZ2ckAZpEk7uyAN5Is/evffovXivX61TXjGzQX7Ae/sE8UCXKw==</latexit>

M = 8 # microphones
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Estimation 
using 
EFA + CFA + 
MMSE

Typically, an 
increase in 
implies a better 
performance

|T |
<latexit sha1_base64="sj8ntH/6Ku0PW4hGA9QZ7aqqZaI=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqsxUQZcFNy4r9AXtUDJppg3NJGOSKZRpv8ONC0Xc+jHu/BszbYX6OnDhcM693MMJYs60cd0PJ7e2vrG5ld8u7Ozu7R8UD4+aWiaK0AaRXKp2gDXlTNCGYYbTdqwojgJOW8HoJvNbY6o0k6JuJjH1IzwQLGQEGyv5026EzZBgntZn016x5JXdOZD7i3xZJVii1iu+d/uSJBEVhnCsdcdzY+OnWBlGOJ0VuommMSYjPKAdSwWOqPbTeegZOrNKH4VS2REGzdXVixRHWk+iwG5mGfVPLxP/8jqJCa/9lIk4MVSQxaMw4chIlDWA+kxRYvjEEkwUs1kRGWKFibE9FVZL+J80K2Xvoly5uyxV28s68nACp3AOHlxBFW6hBg0gcA8P8ATPzth5dF6c18VqzlneHMM3OG+fYtuSkQ==</latexit>Experiments
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