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Object detection and tracking

K.Zimmermann, D.Hurych, T.Svoboda, Non-Rigid Object 
Detection with Local Interleaved Sequential Alignment 
(LISA), TPAMI (IF=5), 2014

[1]

[2] K.Zimmermann, J.Matas, T.Svoboda, Tracking by an 
Optimal Sequence of Linear Predictors,TPAMI (IF=5 
selected for II.pillar evaluation), 2009.
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Motion and compliance control of flippers

[3] Pecka, Zimmermann, Svoboda, Hlavac, et al.  
      IROS/RAL/TIE(IF=6), 2015-2018
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Traffic sign detection and 3D localization

[3] R.Timofte, K.Zimmermann, Luc van Gool, Multi-view 
traffic sign detection, recognition, and 3D localisation, 
MVA (IF=1.5, over 200 citations), 2011 

1.5 year PostDoc in Luc van Gool’s lab at  
Katholieke Universiteit Leuven
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Today’s topic

Zimmermann, Petricek, Salansky, Svoboda, Learning for 
Active 3D Mapping,  ICCV oral (rank A*, AR=2%), 2017

[5]

https://arxiv.org/abs/1708.02074

https://arxiv.org/abs/1708.02074
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Motivation
• Motivation: New Solid State Lidars will allow 

independent steering of depth-measuring rays
S3 principle

Transmitted through 
Optical Phased Array

Emitted laser beams

Controlling optical properties of 
OPA elements, allows to steer 
laser beams in desired directions
Reflected laser beams are 
captured by SPAD array

Images of S3 Lidar redistributed with permission of Quanergy Systems (http://quanergy.com)

http://quanergy.com
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Problem definition

• Simulation of SSL on Kitti dataset.

1. Learn to reconstruct dense 3D voxel 
map from sparse depth measurements 

2. Optimize reactive control of depth-
measuring rays along an expected 
vehicle trajectory

Goal:

• Steerable SSL is not yet avaiable
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• 3D mapping deep convolutional network .………. 

x

Overview of active 3D mapping
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Structure of 3D mapping network

✓ 2 R20M
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• 3D mapping deep convolutional network .………. 
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Overview of active 3D mapping
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Overview of active 3D mapping

• 3D mapping deep convolutional network .………. 
• Planning of depth measuring rays …………..………

x

ŷ(x, ✓)
<latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit>
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<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>
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⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

• 3D mapping deep convolutional network .………. 
• Planning of depth measuring rays …………..………  

which provides following sparse measurement ….

ŷ(x, ✓)
<latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit><latexit sha1_base64="J3Vc2/ZuRnket7RN/+XBDTKv3hg="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>
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Mapping and planning minimize common objective

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓,⇡

L( , )
<latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>
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y
<latexit sha1_base64="QTxNmfXeNcsg7xsM8ApUR4kL8kc="></latexit><latexit sha1_base64="QTxNmfXeNcsg7xsM8ApUR4kL8kc="></latexit><latexit sha1_base64="QTxNmfXeNcsg7xsM8ApUR4kL8kc="></latexit><latexit sha1_base64="QTxNmfXeNcsg7xsM8ApUR4kL8kc="></latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓,⇡

L( , )
<latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit><latexit sha1_base64="6QqvfPP76sdBo3VRbTltMFYxytE="></latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

Mapping and planning minimize common objective



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓,⇡

X

p

L(ŷ(xp(✓,⇡), ✓), yp)
<latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

Mapping and planning minimize common objective



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓,⇡

X

p

L(ŷ(xp(✓,⇡), ✓), yp)
<latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

Mapping and planning minimize common objective
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subject to |Jp(✓,⇡)|  K
<latexit sha1_base64="mpP/hgsQnMvV7jlluxmucL3Enlc="></latexit><latexit sha1_base64="mpP/hgsQnMvV7jlluxmucL3Enlc="></latexit><latexit sha1_base64="mpP/hgsQnMvV7jlluxmucL3Enlc="></latexit><latexit sha1_base64="mpP/hgsQnMvV7jlluxmucL3Enlc="></latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓,⇡

X

p

L(ŷ(xp(✓,⇡), ✓), yp)
<latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit><latexit sha1_base64="tMxIU9y7y2G1Z+Qff/D1QbcQT8g="></latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

Mapping and planning minimize common objective
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• Result of planning is uniquely determined by the 
reconstructed map 
 =>     is a deterministic function of theta ⇡

<latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

x(✓,⇡)
<latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit><latexit sha1_base64="8wd6tqu9yFXoCJupnSoKkUrcYCY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJRNBl0Y3LCvYBTSmT6aQdOpmEmRuxxC78FTcuFHHrb7jzb5y0WWjrgYHDOfdyzxw/FlyD43xbhaXlldW14nppY3Nre8fe3WvqKFGUNWgkItX2iWaCS9YADoK1Y8VI6AvW8kfXmd+6Z0rzSN7BOGbdkAwkDzglYKSefeCFBIZ+kD5UPBgyIKdezE8mPbvsVJ0p8CJxc1JGOeo9+8vrRzQJmQQqiNYd14mhmxIFnAo2KXmJZjGhIzJgHUMlCZnuptP8E3xslD4OImWeBDxVf2+kJNR6HPpmMkur571M/M/rJBBcdlMu4wSYpLNDQSIwRDgrA/e5YhTE2BBCFTdZMR0SRSiYykqmBHf+y4ukeVZ1nap7e16uXeV1FNEhOkIV5KILVEM3qI4aiKJH9Ixe0Zv1ZL1Y79bHbLRg5Tv76A+szx/BK5Xp</latexit>

ŷ

⇣
x(✓,⇡), ✓

⌘

<latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit><latexit sha1_base64="g2Ca5Hi/VRcT4UCgdW7dZ2/LPAQ="></latexit>

J(✓,⇡)
<latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit><latexit sha1_base64="foui3ckWHpQcEScrvcvK5u1WGLk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BL+IpgnlAdg2zk95kyOyDmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7weuK3HkFpEUf3OErAC1k/EoHgDI30cFtxcQDITqmbiJNuqWxX7SnoInFyUiY56t3Sl9uLeRpChFwyrTuOnaCXMYWCSxgX3VRDwviQ9aFjaMRC0F42vXpMj43So0GsTEVIp+rviYyFWo9C33SGDAd63puI/3mdFINLLxNRkiJEfLYoSCXFmE4ioD2hgKMcGcK4EuZWygdMMY4mqKIJwZl/eZE0z6qOXXXuzsu1qzyOAjkkR6RCHHJBauSG1EmDcKLIM3klb9aT9WK9Wx+z1iUrnzkgf2B9/gAWYZGU</latexit>

Mapping and planning minimize common objective



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

• Result of planning is uniquely determined by the 
reconstructed map 
 =>     is a deterministic function of theta ⇡

<latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit><latexit sha1_base64="CTRR9c8SYZhFLK8UqJWpEIJ2/yw="></latexit>

x(✓)

J(✓) ⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

ŷ(x(✓), ✓)
<latexit sha1_base64="i93MjoBbnuSA+vSxtBv9wA2xPsk="></latexit><latexit sha1_base64="i93MjoBbnuSA+vSxtBv9wA2xPsk="></latexit><latexit sha1_base64="i93MjoBbnuSA+vSxtBv9wA2xPsk="></latexit><latexit sha1_base64="i93MjoBbnuSA+vSxtBv9wA2xPsk="></latexit>

Mapping and planning minimize common objective



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Result of planning is not differentiable
y(x(✓), ✓)

x(✓)

J(✓)

Learning as minimization over    ✓

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

argmin
✓

X

p

L(ŷ(xp(✓), ✓), yp)
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(fixed sparse input, ground truth)

Locally approximate objective around   

J(✓0)
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✓0

Minimize approximated objective to get ✓1

✓1=

✓1
SGD

argmin
✓

X

p

L(ŷ(xp(✓
0), ✓), yp)
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✓1

Minimize approximated objective to get ✓1

✓0
SGD

argmin
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L(ŷ(xp(✓
1), ✓), yp)
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SGD
✓1

✓2

Minimize approximated objective to get ✓1

=

✓0 ✓2

argmin
✓

X

p

L(ŷ(xp(✓
1), ✓), yp)
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Iteratively optimize approximated objective

=✓t+1

• Fix point of this mapping would assure: 
• local optimality of the objective 
• statistical consistency of the learning

• In practise, we iterate until validation error stops 
decreasing

✓0 ✓1 ✓2 ✓t ✓t+1… …

argmin
✓

X

p

L(ŷ(xp(✓
t), ✓), yp)
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• Derive approximation ratio

UB

✓
f

OPT

◆

Planning of depth measuring rays J

• Proposed novel planning algorithm => approx. solution

30%

• Objective: expected entropy under simplified visibility 
• Optimization over huge number of rays is complicated
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Experiment: Quantitative evaluation on full dataset

• Training distribution converges to testing distribution

 1st iteration
 4th iteration ✓4

✓1
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Experiment: Quantitative evaluation on full dataset

• Training distribution converges to testing distribution 
• Training: 20 seq. from “Kitty:Residential category” 
• Testing: 13 seq. from “Kitty:City category” 
• Local maps 320x320x32 voxels (1 voxel ~ 20cm) 
• Selected 200 rays per position out of 20k, horizon 5 pos.

 1st iteration
 4th iteration ✓4

✓1
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All maps used axis-aligned voxels of edge size 0.2m.
For generating the sparse measurements, we consider an

SSL sensor with the horizontal field of view of 120 deg

and vertical 90 deg. The possible rays to choose from
are obtained by discretizing the sensor field of view in
160 ⇥ 120 = 19200 directions. At each position, we se-
lect K = 200 rays and ray-trace in these directions until
an occupied voxel is hit or the maximum distance of 100m
(which corresponds to 500 voxels) is reached. Only the rays
which end up hitting an occupied voxel contribute to the
measurements. Local maps xl and yl contain volume of
64m⇥64m⇥6.4m discretized into 320⇥320⇥32 voxels.

6.2. Active Mapping

In this experiment, we used 17 and 3 sequences from
the Residential category for training and validation, respec-
tively, and 13 sequences from the City category for testing.
Following the alternating procedure of learning and plan-
ning as described above (see Sec. 3–5), we learned mapping
networks h0, h1, . . . , ht using batch size 1 and momentum
0.99. The learning rate always started at ↵ = 10

�3. Train-
ing the initial network h0 took 200000 iterations and twice
decreasing the learning rate, to 10

�4 after 100000 itera-
tions and 10

�5 after 150000 iterations. Training the succes-
sive networks ht took 100000 iterations (approximately one
day) with exponentially decreasing learning rate to ⇡ 10

�5.
We have observed that the net ht achieve best results al-
ready after 3 or 4 planning-training iterations.

As can be seen from the ROC curves in Fig. 4, the perfor-
mance after 4 planning-training iterations overcomes net-
work without planning. When we have evaluate network
h0 with planning for new input, ROC curve was almost in-
distinguishable from the one generated by h0 with random
rays.

Input of the network xl contains around 2.5% of known
voxels the rest of the voxels are estimated by the CNN. ROC
curves in this section are computed using global confidence
map ˆ

y and ground truth map y. An examples from recon-
structions are shown in Fig. 5.

6.3. Comparison to a Recurrent Image-based Ar-
chitecture

We provide a comparison with the image-based recon-
struction method of Choy et al. [3], namely the residual
network with Gated Recurrent Units (GRU) units, Res3D-

GRU-3, which we modified to use sparse depth maps of size
160⇥120 instead of RGB images, with K = 200 randomly
selected depth-measuring directions.5 The sensor pose cor-
responding to the the last received depth map was used as
the canonical object pose for reconstruction. The number
of views were fixed to 5 both in training and testing. In this

5Some of these typically did not yield valid measurement.
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Figure 4. Recall to false-positive rate on test data for network
h0 (Random) and h4 (Coupled) . False positives which can be
attributed to discretization error (in 1-voxel distance to occupied
voxels) do not count.

Figure 5. Two examples of global map reconstruction. The black
line denotes trajectory of the car. Top row: The measurement
maps x. Middle: Reconstructed and thresholded maps ŷ. Bot-
tom: Ground-truth maps y.

particular experiment, we used 20 sequences from the Resi-

dential category—18 for training, 1 for validation and 1 for
testing. For comparison we had to limit the batch size to 1

and the size of the outputs to 128 ⇥ 128 ⇥ 32. This corre-
sponds to 16 ⇥ 16 ⇥ 4 GRU units. Our mapping network
was trained and tested on the same training data but using
voxel maps instead of depth images.

A performance comparison in form of ROC curves is

8

trees cars

Reconstructed map

Sparse measurements

Ground truth

Experiment: Qualitative evaluation
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Experiment: Summary & Questions

Zimmermann, Petricek, Salansky, Svoboda, Learning for 
Active 3D Mapping,  ICCV oral (rank A*, AC=2%), 2017

[5]
`
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Conclusions

• We have worked on active 3D voxel mapping with steerable 
solid state lidar. 

• Future research depends on physical existence of the the 
device (despite of 2 year of communication with Quanergy, 
device is not yet availble).  

• Potential cooperation on the development of a novel 
device. 

• Since the results of  
A. deep ConvNet classification are strongly dependent 

on the amount (and correctness) of annotated data, 
B. deep ConvNet control are strongly dependent on the 

amount of environment trials can be played  
   we have recently started to use reversed-engineered  GTAV.
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Motivation

• State-of-the-art algorithms 
based on deep-learning 

• Deep learning is data-
hungry. 

• Exploit state-of-the-art 
game engines for vision  

• Reverse engineering of 
GTA 5 (RAGE engine)  
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RGB images
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Depth images
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Stencil layer
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Stencil layer - cars

glass is not car
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Stencil layer - humans

driver ’s hand
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Stencil layer - trees
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Stencil layer - sky
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Stencil layer - artificial light
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Stencil layer - artificial light
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Traversability of pixels
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Traversability of pixels
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3D bounding boxes for objects (e.g. cars, humans)
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Distinguish pixels of different entities (e.g. cars, humans)
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Annotations for objects (e.g. cars, humans)

• 2D bounding box in Image Coordinates (IC) 
• 3D bounding box in World Coordinates (WC)  
• Position and rotation in WC 
• Entity type (e.g. car, pedestrian) 
• Entity class (e.g. sedan, SUV, coupe …) 
• Unique ID (create trajectories, estimate motion flow)
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What can be controlled

• Motion of objects:  
• explicit (e.g. shift in WCF),  
• implicit (e.g. car driving, autopilot)
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Autopilot
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What can be controlled

• Motion of objects:  
• explicit (e.g. shift in WCF),  
• implicit (e.g. car driving, autopilot) 

• Time in the day/night cycle
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What can be controlled
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What can be controlled
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What can be controlled

• Motion of objects:  
• explicit (e.g. shift in WCF),  
• implicit (e.g. car driving, autopilot) 

• Time in the day/night cycle 
• Weather (ExtraSunny, Clear, Clouds, Smog, Foggy, 

Overcast, Raining, ThunderStorm, Clearing, Neutral, 
Snowing, Blizzard, Snowlight, Christmas, Halloween) 
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ExtraSunny
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Clear
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Foggy
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OverCast
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Raining
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ThunderStorm
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Clearing
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SnowLight
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What can be controlled

• Motion of objects:  
• explicit (e.g. shift in WCF),  
• implicit (e.g. car driving, autopilot) 

• Time in the day/night cycle 
• Weather (ExtraSunny, Clear, Clouds, Smog, Foggy, 

Overcast, Raining, ThunderStorm, Clearing, Neutral, 
Snowing, Blizzard, Snowlight, Christmas, Halloween) 

• Visual mods (Redux, NaturalVision, Vanilla) 
• Custom object models from CAD



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

What can be controlled

• Motion of objects:  
• explicit (e.g. shift in WCF),  
• implicit (e.g. car driving, autopilot) 

• Time in the day/night cycle 
• Weather (ExtraSunny, Clear, Clouds, Smog, Foggy, 

Overcast, Raining, ThunderStorm, Clearing, Neutral, 
Snowing, Blizzard, Snowlight, Christmas, Halloween) 

• Visual mods (Redux, NaturalVision, Vanilla) 
• Custom vehicle models from CAD 
• Custom maps a scenarios (probability of spawning 

different objects in different areas, complex scripts) 
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Ongoing research

• GTA 5 allows to create huge annotated datasets, which 
provably improves accuracy on real images.
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Conslusions and ongoing research

• GTA 5 allows to create huge annotated datasets, which 
provably improves accuracy on real images. 

• Realistic simulation of lidar measurements 
• data-driven approach employs Valeo’s lidar dataset 
• based on cycle-GANs (CVPR 2017)
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Input (4 virtual roof-mounted cameras)

2

3

4

1

virtual car in GTA 
environment



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Input (4 virtual roof-mounted cameras)

2

3

4

1

virtual car in GTA 
environment

ideal RGBD images
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Geometric simulation of lidar from depth

Data-driven refinement  
(add noise and  
signal strength)

Input

weak response
strong response

Valeo lidar dataset
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Conslusions and ongoing research

• GTA 5 allows to create huge annotated datasets, which 
provably improves accuracy on real images. 

• Realistic simulation of lidar measurements 
• data-driven approach employs Valeo’s lidar dataset 
• based on cycle-GANs (CVPR 2017) 

• Potential cooperation: 
• We offer to help with setting up the reversed 

engineered GTAV and the lidar simulator.
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Conslusions and ongoing research

• GTA 5 allows to create huge annotated datasets, which 
provably improves accuracy on real images. 

• Realistic simulation of lidar measurements 
• data-driven approach employs Valeo’s lidar dataset 
• based on cycle-GANs (CVPR 2017) 

• Potential cooperation:  
• We offer to help with setting up the reversed 

engineered GTAV and the lidar simulator. 
• Antonín Svoboda Award for the Best Ph.D. Thesis

• http://svobodovacena.cz 
• 25.000 CZK for winner 
• 45% CVUT, 17% UK, 8% TUO,…

http://svobodovacena.cz

