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https://commons.wikimedia.org/wiki/File:Sunrays_in_foggy_forest,_Ehrenbach.jpg
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https://www.pexels.com/photo/view-of-fog-above-the-water-and-forest-18796621/


Jungle, 32 SPP, Surface Only
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Jungle, 32 SPP, With Volume
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Monte Carlo Estimator of the VRE

<latexit sha1_base64="EiutGMOIGMJxee0j8dOnXQsINhc="></latexit>

x
<latexit sha1_base64="SkQjjdNNvJYM255rZ9PXNLawW5E="></latexit>

~ω

<latexit sha1_base64="YU1xGq/w0XBd1sjfS50f+mlPMOU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtEMnmTAzKZaQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69x48ZlcqyvozS0vLK6lp5vbKxubW9Y+7udSRPBCZtzBkXPR9JwmhE2ooqRnqxICj0Gen64+vc706IkJRH92oaEzdEw4gGFCOlJc88uPUmNSdEauQH6UN2Ch0ekiE68cyqVbdmgH+JXZAqKNDyzE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN509kMFjrQxgwIWuSMGZ+nMiRaGU09DXnfmpctHLxf+8fqKCSzelUZwoEuH5oiBhUHGYpwEHVBCs2FQThAXVt0I8QgJhpTOr6BDsxZf/ks5Z3W7UG3fn1eZVEUcZHIIjUAM2uABNcANaoA0wyMATeAGvxqPxbLwZ7/PWklHM7INfMD6+Aet7lf0=</latexit>

Lv(x,ω)
<latexit sha1_base64="vThFspwhG2TBB+/sE5V3PZLUa3Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtENnkjAzEUvIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj69zv/tAhKRReK8mMXE5GoY0oBgpLXnmwa0naw5HauQH6WN2Cp2IkyE68cyqVbemgIvELkgVFGh55pcziHDCSagwQ1L2bStWboqEopiRrOIkksQIj9GQ9DUNESfSTacPZPBYKwMYREJXqOBU/T2RIi7lhPu6Mz9Vznu5+J/XT1Rw6aY0jBNFQjxbFCQMqgjmacABFQQrNtEEYUH1rRCPkEBY6cwqOgR7/uVF0jmr24164+682rwq4iiDQ3AEasAGF6AJbkALtAEGGXgGr+DNeDJejHfjY9ZaMoqZffAHxucP5rOV+g==</latexit>

Ls(x,ω)

<latexit sha1_base64="ytNjjNNPxWYClnUg/GyaFUBLcXM=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiuSiJSXRbduKxgH9CEMpnctEMnkzAzEUro1o2/4saFIm79A3f+jdM2C209cOFwzr0z954w40xp1/22VlbX1jc2K1v29s7u3r5zcNhWaS4ptGjKU9kNiQLOBLQ00xy6mQSShBw64ehm6nceQCqWins9ziBIyECwmFGijdR3sB/CgImCmjfUBPu+jQ18EFEp9Z2qW3NnwMvEK0kVlWj2nS8/SmmegNCUE6V6npvpoCBSM8phYvu5gozQERlAz1BBElBBMbtkgk+NEuE4laaExjP190RBEqXGSWg6E6KHatGbiv95vVzHV0HBRJZrEHT+UZxzrFM8jQVHTALVfGwIoZKZXTEdEkmoNuHZJgRv8eRl0j6vefVa/e6i2rgu46igY3SCzpCHLlED3aImaiGKHtEzekVv1pP1Yr1bH/PWFaucOUJ/YH3+AB8ImVo=</latexit> n <latexit sha1_base64="ytNjjNNPxWYClnUg/GyaFUBLcXM=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiuSiJSXRbduKxgH9CEMpnctEMnkzAzEUro1o2/4saFIm79A3f+jdM2C209cOFwzr0z954w40xp1/22VlbX1jc2K1v29s7u3r5zcNhWaS4ptGjKU9kNiQLOBLQ00xy6mQSShBw64ehm6nceQCqWins9ziBIyECwmFGijdR3sB/CgImCmjfUBPu+jQ18EFEp9Z2qW3NnwMvEK0kVlWj2nS8/SmmegNCUE6V6npvpoCBSM8phYvu5gozQERlAz1BBElBBMbtkgk+NEuE4laaExjP190RBEqXGSWg6E6KHatGbiv95vVzHV0HBRJZrEHT+UZxzrFM8jQVHTALVfGwIoZKZXTEdEkmoNuHZJgRv8eRl0j6vefVa/e6i2rgu46igY3SCzpCHLlED3aImaiGKHtEzekVv1pP1Yr1bH/PWFaucOUJ/YH3+AB8ImVo=</latexit>

n

<latexit sha1_base64="KlI5EHEGzZykyKij6+vx1aC2mjA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJmRKrLohsXLirYB3SGkkkzbWiSGZKMWIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOde7skJYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea3H4hUNBL3ehwTn6OBoCHFSBupZx/cVjyO9DAI08fJKfQiTgbopGeXnaozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMTEpeokiM8AgNSNdQgThRfjqNP4HHRunDMJLmCQ2n6u+NFHGlxjwwk1lUNe9l4n9eN9HhpZ9SESeaCDw7FCYM6ghmXcA+lQRrNjYEYUlNVoiHSCKsTWMlU4I7/+VF0jqrurVq7e68XL/K6yiCQ3AEKsAFF6AObkADNAEGKXgGr+DNerJerHfrYzZasPKdffAH1ucPTKWVFA==</latexit>

L(x,ω) <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>

=

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

Figure source: Wojciech Jarosz

: the binary sample distribution 

between surface and volume

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

<latexit sha1_base64="37y7T+JQQBwPU98tL9D5O9wjfQQ="></latexit>

hL(x,!)i =

(

1

Pvol

hLv(x,!)i
1

1−Pvol

hLs(x,!)i

Monte Carlo EstimatorVolume Rendering Equation
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<latexit sha1_base64="8oP3eVjFDe5cISGikHhGk0N3z4o=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMIGFXJFoGbSwsIpgHZEOYndxNhszOLjOzwbDkE2z8FRsLRWwt7fwbJ49CEw9cOJxzL/fe48ecKe0431ZmaXlldS27ntvY3NresXf3aipKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX4/9+gCkYpG418MYWiHpChYwSrSR2vaxx4nocsC37UHBC4nu+UH6MDrFXhRCl5xgT078tp13is4EeJG4M5JHM1Ta9pfXiWgSgtCUE6WarhPrVkqkZpTDKOclCmJC+6QLTUMFCUG10slDI3xklA4OImlKaDxRf0+kJFRqGPqmc3yymvfG4n9eM9HBZStlIk40CDpdFCQc6wiP08EdJoFqPjSEUMnMrZj2iCRUmwxzJgR3/uVFUjsruqVi6e48X76axZFFB+gQFZCLLlAZ3aAKqiKKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AN/9nIE=</latexit>

hLv(x,ω)i
<latexit sha1_base64="KzcH8wNlXYbkzY9y7gpu+v7NuKc="></latexit>

hLs(x,ω)i = hTr(x,xz)ihLo(x,ω)i

Many Works on Optimizing       and  
<latexit sha1_base64="jG8TRuH7/Yvm6Qyipz0t3J6gmYY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJSHVZdOPCRQV7gaaUyfSkHTqZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+b3Y86Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFSWSQptGPJI9nyjgTEBbM82hF0sgoc+h609v5vXuI0jFIvGg0xgGIRkLFjBKtLGGdtXjRIw54Luhwp7MeWjXnLqTC6+CW0ANFWoN7S9vFNEkBKEpJ0r1XSfWg4xIzSiHWcVLFMSETskY+gYFCUENsvz4GT41zggHkTRPaJy7vycyEiqVhr7pDImeqOXa3Pyv1k90cDXImIgTDYIuFgUJxzrC8yTwiEmgmqcGCJXM3IrphEhCtcmrYkJwl7+8Cp3zutuoN+4vas3rIo4yOkYn6Ay56BI10S1qoTaiKEXP6BW9WU/Wi/VufSxaS1YxU0V/ZH3+ACPBlHY=</latexit>

hLsi
<latexit sha1_base64="Iibk3aB3+ZzuLai8vE58umNm+6w=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS6Lbly4qGAv0IQymZ62QyeTMDMphFBfxY0LRdz6IO58G6dpFtr6w8DHf87hnPmDmDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ihJJoUUjHsluQBRwJqClmebQjSWQMODQCSa383pnClKxSDzqNAY/JCPBhowSbay+XfE4ESMO+L4/xZ7MuW9XnZqTC6+CW0AVFWr27S9vENEkBKEpJ0r1XCfWfkakZpTDrOwlCmJCJ2QEPYOChKD8LD9+hs+MM8DDSJonNM7d3xMZCZVKw8B0hkSP1XJtbv5X6yV6eO1nTMSJBkEXi4YJxzrC8yTwgEmgmqcGCJXM3IrpmEhCtcmrbEJwl7+8Cu2Lmluv1R8uq42bIo4SOkGn6By56Ao10B1qohaiKEXP6BW9WU/Wi/VufSxa16xipoL+yPr8AShllHk=</latexit>

hLvi
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<latexit sha1_base64="8oP3eVjFDe5cISGikHhGk0N3z4o=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMIGFXJFoGbSwsIpgHZEOYndxNhszOLjOzwbDkE2z8FRsLRWwt7fwbJ49CEw9cOJxzL/fe48ecKe0431ZmaXlldS27ntvY3NresXf3aipKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX4/9+gCkYpG418MYWiHpChYwSrSR2vaxx4nocsC37UHBC4nu+UH6MDrFXhRCl5xgT078tp13is4EeJG4M5JHM1Ta9pfXiWgSgtCUE6WarhPrVkqkZpTDKOclCmJC+6QLTUMFCUG10slDI3xklA4OImlKaDxRf0+kJFRqGPqmc3yymvfG4n9eM9HBZStlIk40CDpdFCQc6wiP08EdJoFqPjSEUMnMrZj2iCRUmwxzJgR3/uVFUjsruqVi6e48X76axZFFB+gQFZCLLlAZ3aAKqiKKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AN/9nIE=</latexit>

hLv(x,ω)i
<latexit sha1_base64="KzcH8wNlXYbkzY9y7gpu+v7NuKc="></latexit>

hLs(x,ω)i = hTr(x,xz)ihLo(x,ω)i

Many Works on Optimizing       and  
<latexit sha1_base64="jG8TRuH7/Yvm6Qyipz0t3J6gmYY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJSHVZdOPCRQV7gaaUyfSkHTqZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+b3Y86Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFSWSQptGPJI9nyjgTEBbM82hF0sgoc+h609v5vXuI0jFIvGg0xgGIRkLFjBKtLGGdtXjRIw54Luhwp7MeWjXnLqTC6+CW0ANFWoN7S9vFNEkBKEpJ0r1XSfWg4xIzSiHWcVLFMSETskY+gYFCUENsvz4GT41zggHkTRPaJy7vycyEiqVhr7pDImeqOXa3Pyv1k90cDXImIgTDYIuFgUJxzrC8yTwiEmgmqcGCJXM3IrphEhCtcmrYkJwl7+8Cp3zutuoN+4vas3rIo4yOkYn6Ay56BI10S1qoTaiKEXP6BW9WU/Wi/VufSxaS1YxU0V/ZH3+ACPBlHY=</latexit>

hLsi
<latexit sha1_base64="Iibk3aB3+ZzuLai8vE58umNm+6w=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS6Lbly4qGAv0IQymZ62QyeTMDMphFBfxY0LRdz6IO58G6dpFtr6w8DHf87hnPmDmDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ihJJoUUjHsluQBRwJqClmebQjSWQMODQCSa383pnClKxSDzqNAY/JCPBhowSbay+XfE4ESMO+L4/xZ7MuW9XnZqTC6+CW0AVFWr27S9vENEkBKEpJ0r1XCfWfkakZpTDrOwlCmJCJ2QEPYOChKD8LD9+hs+MM8DDSJonNM7d3xMZCZVKw8B0hkSP1XJtbv5X6yV6eO1nTMSJBkEXi4YJxzrC8yTwgEmgmqcGCJXM3IrpmEhCtcmrbEJwl7+8Cu2Lmluv1R8uq42bIo4SOkGn6By56Ao10B1qohaiKEXP6BW9WU/Wi/VufSxa16xipoL+yPr8AShllHk=</latexit>

hLvi

<latexit sha1_base64="37y7T+JQQBwPU98tL9D5O9wjfQQ="></latexit>

hL(x,!)i =

(

1

Pvol

hLv(x,!)i
1

1−Pvol

hLs(x,!)i
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<latexit sha1_base64="8oP3eVjFDe5cISGikHhGk0N3z4o=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMIGFXJFoGbSwsIpgHZEOYndxNhszOLjOzwbDkE2z8FRsLRWwt7fwbJ49CEw9cOJxzL/fe48ecKe0431ZmaXlldS27ntvY3NresXf3aipKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX4/9+gCkYpG418MYWiHpChYwSrSR2vaxx4nocsC37UHBC4nu+UH6MDrFXhRCl5xgT078tp13is4EeJG4M5JHM1Ta9pfXiWgSgtCUE6WarhPrVkqkZpTDKOclCmJC+6QLTUMFCUG10slDI3xklA4OImlKaDxRf0+kJFRqGPqmc3yymvfG4n9eM9HBZStlIk40CDpdFCQc6wiP08EdJoFqPjSEUMnMrZj2iCRUmwxzJgR3/uVFUjsruqVi6e48X76axZFFB+gQFZCLLlAZ3aAKqiKKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AN/9nIE=</latexit>

hLv(x,ω)i
<latexit sha1_base64="KzcH8wNlXYbkzY9y7gpu+v7NuKc="></latexit>

hLs(x,ω)i = hTr(x,xz)ihLo(x,ω)i

Many Works on Optimizing       and  
<latexit sha1_base64="jG8TRuH7/Yvm6Qyipz0t3J6gmYY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJSHVZdOPCRQV7gaaUyfSkHTqZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+b3Y86Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFSWSQptGPJI9nyjgTEBbM82hF0sgoc+h609v5vXuI0jFIvGg0xgGIRkLFjBKtLGGdtXjRIw54Luhwp7MeWjXnLqTC6+CW0ANFWoN7S9vFNEkBKEpJ0r1XSfWg4xIzSiHWcVLFMSETskY+gYFCUENsvz4GT41zggHkTRPaJy7vycyEiqVhr7pDImeqOXa3Pyv1k90cDXImIgTDYIuFgUJxzrC8yTwiEmgmqcGCJXM3IrphEhCtcmrYkJwl7+8Cp3zutuoN+4vas3rIo4yOkYn6Ay56BI10S1qoTaiKEXP6BW9WU/Wi/VufSxaS1YxU0V/ZH3+ACPBlHY=</latexit>

hLsi
<latexit sha1_base64="Iibk3aB3+ZzuLai8vE58umNm+6w=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS6Lbly4qGAv0IQymZ62QyeTMDMphFBfxY0LRdz6IO58G6dpFtr6w8DHf87hnPmDmDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ihJJoUUjHsluQBRwJqClmebQjSWQMODQCSa383pnClKxSDzqNAY/JCPBhowSbay+XfE4ESMO+L4/xZ7MuW9XnZqTC6+CW0AVFWr27S9vENEkBKEpJ0r1XCfWfkakZpTDrOwlCmJCJ2QEPYOChKD8LD9+hs+MM8DDSJonNM7d3xMZCZVKw8B0hkSP1XJtbv5X6yV6eO1nTMSJBkEXi4YJxzrC8yTwgEmgmqcGCJXM3IrpmEhCtcmrbEJwl7+8Cu2Lmluv1R8uq42bIo4SOkGn6By56Ao10B1qohaiKEXP6BW9WU/Wi/VufSxa16xipoL+yPr8AShllHk=</latexit>

hLvi

<latexit sha1_base64="37y7T+JQQBwPU98tL9D5O9wjfQQ="></latexit>

hL(x,!)i =

(

1

Pvol

hLv(x,!)i
1

1−Pvol

hLs(x,!)i

Delta Tracking
<latexit sha1_base64="AubENT01hhZO/093eF90sAGteuw=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEpEDXci0UYQtbCMYFRI4rG3mSRL9j7YnQuJx/0IG/+KjYUithZ2/hs3MYUaHww83pthZp4XSaHRtj+tsfGJyanpmdnM3PzC4lJ2eeVKh7HiUOahDNWNxzRIEUAZBUq4iRQw35Nw7bVP+/51B5QWYXCJvQhqPmsGoiE4QyO52e2Sm1QRuph0Qpmmt0n1DCSylG7SI+rQXXrpqnx3h3bduy03m7ML9gB0lDhDkiNDlNzsR7Ue8tiHALlkWlccO8JawhQKLiHNVGMNEeNt1oSKoQHzQdeSwVMp3TBKnTZCZSpAOlB/TiTM17rne6bTZ9jSf72++J9XibFxWEtEEMUIAf9e1IglxZD2E6J1oYCj7BnCuBLmVspbTDGOJseMCcH5+/IoudorOMVC8WI/d3wyjGOGrJF1kicOOSDH5JyUSJlwck8eyTN5sR6sJ+vVevtuHbOGM6vkF6z3LzcOnP0=</latexit>

P∆

vol
= 1− Tr(x, xz)
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<latexit sha1_base64="8oP3eVjFDe5cISGikHhGk0N3z4o=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0GMIGFXJFoGbSwsIpgHZEOYndxNhszOLjOzwbDkE2z8FRsLRWwt7fwbJ49CEw9cOJxzL/fe48ecKe0431ZmaXlldS27ntvY3NresXf3aipKJIUqjXgkGz5RwJmAqmaaQyOWQEKfQ93vX4/9+gCkYpG418MYWiHpChYwSrSR2vaxx4nocsC37UHBC4nu+UH6MDrFXhRCl5xgT078tp13is4EeJG4M5JHM1Ta9pfXiWgSgtCUE6WarhPrVkqkZpTDKOclCmJC+6QLTUMFCUG10slDI3xklA4OImlKaDxRf0+kJFRqGPqmc3yymvfG4n9eM9HBZStlIk40CDpdFCQc6wiP08EdJoFqPjSEUMnMrZj2iCRUmwxzJgR3/uVFUjsruqVi6e48X76axZFFB+gQFZCLLlAZ3aAKqiKKHtEzekVv1pP1Yr1bH9PWjDWb2Ud/YH3+AN/9nIE=</latexit>

hLv(x,ω)i
<latexit sha1_base64="KzcH8wNlXYbkzY9y7gpu+v7NuKc="></latexit>

hLs(x,ω)i = hTr(x,xz)ihLo(x,ω)i

Many Works on Optimizing       and  
<latexit sha1_base64="jG8TRuH7/Yvm6Qyipz0t3J6gmYY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJSHVZdOPCRQV7gaaUyfSkHTqZhJmJEEJ9FTcuFHHrg7jzbZymWWjrDwMf/zmHc+b3Y86Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdFSWSQptGPJI9nyjgTEBbM82hF0sgoc+h609v5vXuI0jFIvGg0xgGIRkLFjBKtLGGdtXjRIw54Luhwp7MeWjXnLqTC6+CW0ANFWoN7S9vFNEkBKEpJ0r1XSfWg4xIzSiHWcVLFMSETskY+gYFCUENsvz4GT41zggHkTRPaJy7vycyEiqVhr7pDImeqOXa3Pyv1k90cDXImIgTDYIuFgUJxzrC8yTwiEmgmqcGCJXM3IrphEhCtcmrYkJwl7+8Cp3zutuoN+4vas3rIo4yOkYn6Ay56BI10S1qoTaiKEXP6BW9WU/Wi/VufSxaS1YxU0V/ZH3+ACPBlHY=</latexit>

hLsi
<latexit sha1_base64="Iibk3aB3+ZzuLai8vE58umNm+6w=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS6Lbly4qGAv0IQymZ62QyeTMDMphFBfxY0LRdz6IO58G6dpFtr6w8DHf87hnPmDmDOlHefbWlvf2NzaLu2Ud/f2Dw7to+O2ihJJoUUjHsluQBRwJqClmebQjSWQMODQCSa383pnClKxSDzqNAY/JCPBhowSbay+XfE4ESMO+L4/xZ7MuW9XnZqTC6+CW0AVFWr27S9vENEkBKEpJ0r1XCfWfkakZpTDrOwlCmJCJ2QEPYOChKD8LD9+hs+MM8DDSJonNM7d3xMZCZVKw8B0hkSP1XJtbv5X6yV6eO1nTMSJBkEXi4YJxzrC8yTwgEmgmqcGCJXM3IrpmEhCtcmrbEJwl7+8Cu2Lmluv1R8uq42bIo4SOkGn6By56Ao10B1qohaiKEXP6BW9WU/Wi/VufSxa16xipoL+yPr8AShllHk=</latexit>

hLvi

<latexit sha1_base64="37y7T+JQQBwPU98tL9D5O9wjfQQ="></latexit>

hL(x,!)i =

(

1

Pvol

hLv(x,!)i
1

1−Pvol

hLs(x,!)i
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Jungle, 32 SPP, Tr-based
11



Jungle, 32 SPP, VSP Guiding (Ours)
12



<latexit sha1_base64="YU1xGq/w0XBd1sjfS50f+mlPMOU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtEMnmTAzKZaQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69x48ZlcqyvozS0vLK6lp5vbKxubW9Y+7udSRPBCZtzBkXPR9JwmhE2ooqRnqxICj0Gen64+vc706IkJRH92oaEzdEw4gGFCOlJc88uPUmNSdEauQH6UN2Ch0ekiE68cyqVbdmgH+JXZAqKNDyzE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN509kMFjrQxgwIWuSMGZ+nMiRaGU09DXnfmpctHLxf+8fqKCSzelUZwoEuH5oiBhUHGYpwEHVBCs2FQThAXVt0I8QgJhpTOr6BDsxZf/ks5Z3W7UG3fn1eZVEUcZHIIjUAM2uABNcANaoA0wyMATeAGvxqPxbLwZ7/PWklHM7INfMD6+Aet7lf0=</latexit>

Lv(x,ω)
<latexit sha1_base64="vThFspwhG2TBB+/sE5V3PZLUa3Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtENnkjAzEUvIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj69zv/tAhKRReK8mMXE5GoY0oBgpLXnmwa0naw5HauQH6WN2Cp2IkyE68cyqVbemgIvELkgVFGh55pcziHDCSagwQ1L2bStWboqEopiRrOIkksQIj9GQ9DUNESfSTacPZPBYKwMYREJXqOBU/T2RIi7lhPu6Mz9Vznu5+J/XT1Rw6aY0jBNFQjxbFCQMqgjmacABFQQrNtEEYUH1rRCPkEBY6cwqOgR7/uVF0jmr24164+682rwq4iiDQ3AEasAGF6AJbkALtAEGGXgGr+DNeDJejHfjY9ZaMoqZffAHxucP5rOV+g==</latexit>

Ls(x,ω)
<latexit sha1_base64="KlI5EHEGzZykyKij6+vx1aC2mjA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJmRKrLohsXLirYB3SGkkkzbWiSGZKMWIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOde7skJYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea3H4hUNBL3ehwTn6OBoCHFSBupZx/cVjyO9DAI08fJKfQiTgbopGeXnaozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMTEpeokiM8AgNSNdQgThRfjqNP4HHRunDMJLmCQ2n6u+NFHGlxjwwk1lUNe9l4n9eN9HhpZ9SESeaCDw7FCYM6ghmXcA+lQRrNjYEYUlNVoiHSCKsTWMlU4I7/+VF0jqrurVq7e68XL/K6yiCQ3AEKsAFF6AObkADNAEGKXgGr+DNerJerHfrYzZasPKdffAH1ucPTKWVFA==</latexit>

L(x,ω) <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>

=

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

Tr-based

Ours
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<latexit sha1_base64="YU1xGq/w0XBd1sjfS50f+mlPMOU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtEMnmTAzKZaQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69x48ZlcqyvozS0vLK6lp5vbKxubW9Y+7udSRPBCZtzBkXPR9JwmhE2ooqRnqxICj0Gen64+vc706IkJRH92oaEzdEw4gGFCOlJc88uPUmNSdEauQH6UN2Ch0ekiE68cyqVbdmgH+JXZAqKNDyzE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN509kMFjrQxgwIWuSMGZ+nMiRaGU09DXnfmpctHLxf+8fqKCSzelUZwoEuH5oiBhUHGYpwEHVBCs2FQThAXVt0I8QgJhpTOr6BDsxZf/ks5Z3W7UG3fn1eZVEUcZHIIjUAM2uABNcANaoA0wyMATeAGvxqPxbLwZ7/PWklHM7INfMD6+Aet7lf0=</latexit>

Lv(x,ω)
<latexit sha1_base64="vThFspwhG2TBB+/sE5V3PZLUa3Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtENnkjAzEUvIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj69zv/tAhKRReK8mMXE5GoY0oBgpLXnmwa0naw5HauQH6WN2Cp2IkyE68cyqVbemgIvELkgVFGh55pcziHDCSagwQ1L2bStWboqEopiRrOIkksQIj9GQ9DUNESfSTacPZPBYKwMYREJXqOBU/T2RIi7lhPu6Mz9Vznu5+J/XT1Rw6aY0jBNFQjxbFCQMqgjmacABFQQrNtEEYUH1rRCPkEBY6cwqOgR7/uVF0jmr24164+682rwq4iiDQ3AEasAGF6AJbkALtAEGGXgGr+DNeDJejHfjY9ZaMoqZffAHxucP5rOV+g==</latexit>

Ls(x,ω)
<latexit sha1_base64="KlI5EHEGzZykyKij6+vx1aC2mjA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJmRKrLohsXLirYB3SGkkkzbWiSGZKMWIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOde7skJYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea3H4hUNBL3ehwTn6OBoCHFSBupZx/cVjyO9DAI08fJKfQiTgbopGeXnaozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMTEpeokiM8AgNSNdQgThRfjqNP4HHRunDMJLmCQ2n6u+NFHGlxjwwk1lUNe9l4n9eN9HhpZ9SESeaCDw7FCYM6ghmXcA+lQRrNjYEYUlNVoiHSCKsTWMlU4I7/+VF0jqrurVq7e68XL/K6yiCQ3AEKsAFF6AObkADNAEGKXgGr+DNerJerHfrYzZasPKdffAH1ucPTKWVFA==</latexit>

L(x,ω) <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>

=

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

Tr-based

Ours
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The Optimal VSP: Two Types
• Zero-Variance-based [Herholz et al. 2019]: 

• Assuming the nested estimators have no variance 

 

• Variance-based [Rath et al. 2020]:  

• Considering the variance of the nested estimators

<latexit sha1_base64="FdJRFqXMSGO33pldPcPyd271kz0="></latexit>

P 1st

vol
=

E[hLv(x,ω)i]

E[hLv(x,ω)i] + E[hLs(x,ω)i]

<latexit sha1_base64="kt0LH5g34f7QlOdnmY1TaGoFdS4="></latexit>

P 2nd

vol
=

E[hLv(x,ω)i
2]

E[hLv(x,ω)i2] + E[hLs(x,ω)i2]
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Normalized Distance Sampling

• Need to manually set the VSP 

per scene / per volume 

• Only support increasing the VSP 

• Not reaching the target VSP

16



Our Distance Sampling Method

• Homogeneous 

• Heterogeneous
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Delta Tracking as Resampling
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Delta Tracking as Resampling
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Candidate Samples

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4
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Resampling Weights for Delta Tracking

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="d9aSVQKwwEeAdvsGCDesHkGjEio="></latexit>

∗ w
∆(xi)

<latexit sha1_base64="H7sJyyik1MwfBcp3g/MWB2xAPi8="></latexit>

∗ w
∆(xsurf)

Computed based on local volume properties 

(details in the paper)
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Resampling Weights for Our Method

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="d9aSVQKwwEeAdvsGCDesHkGjEio="></latexit>

w
?(xi) = Cvol ∗ w

∆(xi)
<latexit sha1_base64="H7sJyyik1MwfBcp3g/MWB2xAPi8="></latexit>

w
?(xsurf) = Csurf ∗ w

∆(xsurf)
Two constants!
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Resampling Weights for Our Method

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="d9aSVQKwwEeAdvsGCDesHkGjEio="></latexit>

w
?(xi) = Cvol ∗ w

∆(xi)
<latexit sha1_base64="H7sJyyik1MwfBcp3g/MWB2xAPi8="></latexit>

w
?(xsurf) = Csurf ∗ w

∆(xsurf)

<latexit sha1_base64="n3DQtIqC8mi6rWU+xI4jjFR3zKU=">AAACNnicbVA9SwNBEN3z2/gVtbRZDIJVuBNRS1ELGyGCUSEXw9xmThf3bo/dOTEc96ts/B12NhaK2PoT3MQUanww8Hhvhpl5UaakJd9/9sbGJyanpmdmK3PzC4tL1eWVc6tzI7AptNLmMgKLSqbYJEkKLzODkEQKL6Lbw75/cYfGSp2eUS/DdgLXqYylAHJSp3py2ClCwnsq7rQqSx5Clhl9z8PYgCgav8yrIrQEpixH9SNUBGXZqdb8uj8AHyXBkNTYEI1O9SnsapEnmJJQYG0r8DNqF2BICoVlJcwtZiBu4RpbjqaQoG0Xg7dLvuGULo+1cZUSH6g/JwpIrO0lketMgG7sX68v/ue1cor32oVMs5wwFd+L4lxx0ryfIe9Kg4JUzxEQRrpbubgBFxi5pCsuhODvy6PkfKse7NR3Trdr+wfDOGbYGltnmyxgu2yfHbMGazLBHtgze2Vv3qP34r17H9+tY95wZpX9gvf5BWzqsAQ=</latexit>

Cvol ≈

P ?

vol

P∆

vol
<latexit sha1_base64="bauuFDqekGaDX9YFj1TJjMGn1Vg="></latexit>

Csurf ≈

1− P ?

vol

1− P∆

vol

Two constants!

Exactly reaches the target
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol
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Resampling Weights for Our Method

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="d9aSVQKwwEeAdvsGCDesHkGjEio="></latexit>

w
?(xi) = Cvol ∗ w

∆(xi)
<latexit sha1_base64="H7sJyyik1MwfBcp3g/MWB2xAPi8="></latexit>

w
?(xsurf) = Csurf ∗ w

∆(xsurf)

<latexit sha1_base64="n3DQtIqC8mi6rWU+xI4jjFR3zKU=">AAACNnicbVA9SwNBEN3z2/gVtbRZDIJVuBNRS1ELGyGCUSEXw9xmThf3bo/dOTEc96ts/B12NhaK2PoT3MQUanww8Hhvhpl5UaakJd9/9sbGJyanpmdmK3PzC4tL1eWVc6tzI7AptNLmMgKLSqbYJEkKLzODkEQKL6Lbw75/cYfGSp2eUS/DdgLXqYylAHJSp3py2ClCwnsq7rQqSx5Clhl9z8PYgCgav8yrIrQEpixH9SNUBGXZqdb8uj8AHyXBkNTYEI1O9SnsapEnmJJQYG0r8DNqF2BICoVlJcwtZiBu4RpbjqaQoG0Xg7dLvuGULo+1cZUSH6g/JwpIrO0lketMgG7sX68v/ue1cor32oVMs5wwFd+L4lxx0ryfIe9Kg4JUzxEQRrpbubgBFxi5pCsuhODvy6PkfKse7NR3Trdr+wfDOGbYGltnmyxgu2yfHbMGazLBHtgze2Vv3qP34r17H9+tY95wZpX9gvf5BWzqsAQ=</latexit>

Cvol ≈

P ?

vol

P∆

vol
<latexit sha1_base64="bauuFDqekGaDX9YFj1TJjMGn1Vg="></latexit>

Csurf ≈

1− P ?

vol

1− P∆

vol

Two constants!

Exactly reaches the target
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

Reservoir Sampling :) 

<latexit sha1_base64="UXi9kj0/TCLWB+VApwieehhE7uE="></latexit>

P[Accept i] =
wiP
j≤i wj

24



Details in the Paper!
• Zero volume event candidate 

• Defensive resampling 

• Volume sample distribution analysis 

• Increase majorant 

• …

Target %¢
vol

Target %¢
vol

Achieved %
¢

vol
Achieved %

¢

vol Diÿ.Diÿ.

N
a
ive

C
o
rrected

N
D
S

R
es
a
m
p
li
n
g

Majorant x1 Majorant x5 Majorant x10
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Our VSP Guiding Framework

• Structures to query the optimal         

          for every path segment 

• Incremental training  

during rendering

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

Figure source: Wojciech Jarosz
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Primary rays: 

Auxiliary image space buffer

Our VSP Guiding Framework

Figure source: Wojciech Jarosz

%
1st
vol

%
1st
vol
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Figure source: Wojciech Jarosz

Secondary rays: 

5D spatial-directional data structure 

Piggyback existing data structures 

(e.g., from path guiding)!

Our VSP Guiding Framework

28



Evaluation

• Equal time 

• Directional guiding enabled 

• Distance sampling methods: 

• Transmittance-based 

• The VSP Guiding framework (Ours): 

• NDS 

• Resampling (Ours) 

• MIS: 0.75 

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol
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Lantern, 2 min, Tr-based
30



Lantern, 2 min, Tr-based

P
vol

Achieved

3131



Lantern, 2 min, VSPG + Resampling (Ours)

P
vol

Achieved
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Lantern, 2 min, Tr-based
33



Lantern, 2 min, VSPG + Resampling (Ours)
34



Tr-based

VSPG + 

NDS

VSPG + 

Resampling (Ours)

RelMSE: 0.45 

Baseline: 1.0x

RelMSE: 0.38 

Speed Up: 1.19x

RelMSE: 0.24 

Speed Up: 1.85x
35



VSPG + Resampling (Ours)

P
vol

Achieved

36
VSPG + NDS



Average speedup: 2.25x
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Summary
• Key insight: explicitly controlling           can improve efficiency 

• A practical framework for: 

1. Computing the optimal  

2. Achieve precise control over

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

Unbiased 

Easy to implement & minimal overhead 

• Perfect combination with directional guiding! 

Fully automatic, no user parameter

38



Thank you!

Volume Scattering Probability Guiding

Project Page

• VSPG framework 

included in upcoming 

v0.8.0 release

• Interactive viewer 

• PBRT source code  

(soon)

39
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Backup Slides
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Related Work
Efficient in 

heterogenous 

volumes

Automatic  

Target VSP

Arbitrary 

Target VSP 

function

Reach 

Target VSP

Increase 

VSP

Decrease 

VSP

Zero-Variance 

Volume Path 

Guiding

Normalized 

Distance 

Sampling 

(NDS)

Resampling 

(Ours)
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Contribution vs Variance VSP

42



The Jungle Scene

%
1st
vol

%
1st
vol

Contribution-based (1st Moment)

1st1st
%
2nd
vol

%
2nd
vol

Variance-based (2nd Moment)
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Landscape, 32 spp, Contribution-based VSPG 
44



Landscape, 32 spp, Variance-based VSPG 
45



P
1st

vol
     Target (contribution-based)
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P
2nd

vol
     Target (variance-based)
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P
1st

vol
     Achieved (contribution-based)
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P
2nd

vol
     Achieved (variance-based)
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Additional Evaluation
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Underwater, 5 min, Tr-based
51



Underwater, 5 min, Tr-based
52



Underwater, 5 min, VSPG + NDS
53



Underwater, 5 min, VSPG + Resampling (Ours)
54



Tr-based

RelMSE: 0.87 

Baseline: 1.0x

RelMSE: 0.98  

Speed Up: 0.89x

RelMSE: 0.73 

Speed Up: 1.18x
55

VSPG + 

NDS

VSPG + 

Resampling (Ours)



Landscape, 5 min, Tr-based
56



Landscape, 5 min, Tr-based

P
vol

Achieved
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Landscape, 5 min, VSPG + Resampling (Ours)

P
vol

Achieved
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Landscape, 5 min, Tr-based
59



Landscape, 5 min, VSPG + Resampling (Ours)
60



Tr-based

RelMSE: 0.79 

Baseline: 1.0x

RelMSE: 0.27 

Speed Up: 2.88x

RelMSE: 0.27 

Speed Up: 2.88x
61

VSPG + 

NDS

VSPG + 

Resampling (Ours)



P
vol

Achieved

62
VSPG + Resampling (Ours) VSPG + NDS



Kitchen, 5 min, Tr-based
63



Kitchen, 5 min, Tr-based

P
vol

Achieved
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Kitchen, 5 min, VSPG + Resampling (Ours)

P
vol

Achieved
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Kitchen, 5 min, Tr-based
66



Kitchen, 5 min, VSPG + Resampling (Ours)
67



Tr-based

RelMSE: 0.29 

Baseline: 1.0x

RelMSE: 0.20 

Speed Up: 1.40x

RelMSE: 0.24 

Speed Up: 1.19x
68

VSPG + 

NDS

VSPG + 

Resampling (Ours)



P
vol

Achieved

69
VSPG + Resampling (Ours) VSPG + NDS



Earth, 2 min, Tr-based
70



Earth, 2 min, Tr-based

P
vol

Achieved
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Earth, 2 min, VSPG + Resampling (Ours)

P
vol

Achieved
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Earth, 2 min, Tr-based
73



Earth, 2 min, VSPG + Resampling (Ours)
74



Tr-based

RelMSE: 0.09 

Baseline: 1.0x

RelMSE: 0.06 

Speed Up: 1.57x

RelMSE: 0.11 

Speed Up: 0.81x
75

VSPG + 

NDS

VSPG + 

Resampling (Ours)



P
vol

Achieved

76
VSPG + Resampling (Ours) VSPG + NDS



Jungle, 5 min, Tr-based
77



Jungle, 5 min, Tr-based

P
vol

Achieved
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Jungle, 5 min, VSPG + Resampling (Ours)

P
vol

Achieved
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Jungle, 5 min, Tr-based
80



Jungle, 5 min, VSPG + Resampling (Ours)
81



Tr-based

RelMSE: 1.10 

Baseline: 1.0x

RelMSE: 0.32 

Speed Up: 3.49x

RelMSE: 0.24 

Speed Up: 4.65x
82

VSPG + 

NDS

VSPG + 

Resampling (Ours)



P
vol

Achieved

83
VSPG + Resampling (Ours) VSPG + NDS



Lantern
84



Tr-based

Ours
<latexit sha1_base64="YU1xGq/w0XBd1sjfS50f+mlPMOU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtEMnmTAzKZaQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69x48ZlcqyvozS0vLK6lp5vbKxubW9Y+7udSRPBCZtzBkXPR9JwmhE2ooqRnqxICj0Gen64+vc706IkJRH92oaEzdEw4gGFCOlJc88uPUmNSdEauQH6UN2Ch0ekiE68cyqVbdmgH+JXZAqKNDyzE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN509kMFjrQxgwIWuSMGZ+nMiRaGU09DXnfmpctHLxf+8fqKCSzelUZwoEuH5oiBhUHGYpwEHVBCs2FQThAXVt0I8QgJhpTOr6BDsxZf/ks5Z3W7UG3fn1eZVEUcZHIIjUAM2uABNcANaoA0wyMATeAGvxqPxbLwZ7/PWklHM7INfMD6+Aet7lf0=</latexit>

Lv(x,ω)
<latexit sha1_base64="vThFspwhG2TBB+/sE5V3PZLUa3Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtENnkjAzEUvIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj69zv/tAhKRReK8mMXE5GoY0oBgpLXnmwa0naw5HauQH6WN2Cp2IkyE68cyqVbemgIvELkgVFGh55pcziHDCSagwQ1L2bStWboqEopiRrOIkksQIj9GQ9DUNESfSTacPZPBYKwMYREJXqOBU/T2RIi7lhPu6Mz9Vznu5+J/XT1Rw6aY0jBNFQjxbFCQMqgjmacABFQQrNtEEYUH1rRCPkEBY6cwqOgR7/uVF0jmr24164+682rwq4iiDQ3AEasAGF6AJbkALtAEGGXgGr+DNeDJejHfjY9ZaMoqZffAHxucP5rOV+g==</latexit>

Ls(x,ω)
<latexit sha1_base64="KlI5EHEGzZykyKij6+vx1aC2mjA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJmRKrLohsXLirYB3SGkkkzbWiSGZKMWIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOde7skJYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea3H4hUNBL3ehwTn6OBoCHFSBupZx/cVjyO9DAI08fJKfQiTgbopGeXnaozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMTEpeokiM8AgNSNdQgThRfjqNP4HHRunDMJLmCQ2n6u+NFHGlxjwwk1lUNe9l4n9eN9HhpZ9SESeaCDw7FCYM6ghmXcA+lQRrNjYEYUlNVoiHSCKsTWMlU4I7/+VF0jqrurVq7e68XL/K6yiCQ3AEKsAFF6AObkADNAEGKXgGr+DNerJerHfrYzZasPKdffAH1ucPTKWVFA==</latexit>

L(x,ω) <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>

=

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol
85



Tr-based

Ours
<latexit sha1_base64="YU1xGq/w0XBd1sjfS50f+mlPMOU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtEMnmTAzKZaQjb/ixoUibv0Md/6NkzYLrR64cDjnXu69x48ZlcqyvozS0vLK6lp5vbKxubW9Y+7udSRPBCZtzBkXPR9JwmhE2ooqRnqxICj0Gen64+vc706IkJRH92oaEzdEw4gGFCOlJc88uPUmNSdEauQH6UN2Ch0ekiE68cyqVbdmgH+JXZAqKNDyzE9nwHESkkhhhqTs21as3BQJRTEjWcVJJIkRHqMh6WsaoZBIN509kMFjrQxgwIWuSMGZ+nMiRaGU09DXnfmpctHLxf+8fqKCSzelUZwoEuH5oiBhUHGYpwEHVBCs2FQThAXVt0I8QgJhpTOr6BDsxZf/ks5Z3W7UG3fn1eZVEUcZHIIjUAM2uABNcANaoA0wyMATeAGvxqPxbLwZ7/PWklHM7INfMD6+Aet7lf0=</latexit>

Lv(x,ω)
<latexit sha1_base64="vThFspwhG2TBB+/sE5V3PZLUa3Y=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt24cFHBPqAJYTKdtENnkjAzEUvIxl9x40IRt36GO//GSZuFth64cDjnXu69x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj69zv/tAhKRReK8mMXE5GoY0oBgpLXnmwa0naw5HauQH6WN2Cp2IkyE68cyqVbemgIvELkgVFGh55pcziHDCSagwQ1L2bStWboqEopiRrOIkksQIj9GQ9DUNESfSTacPZPBYKwMYREJXqOBU/T2RIi7lhPu6Mz9Vznu5+J/XT1Rw6aY0jBNFQjxbFCQMqgjmacABFQQrNtEEYUH1rRCPkEBY6cwqOgR7/uVF0jmr24164+682rwq4iiDQ3AEasAGF6AJbkALtAEGGXgGr+DNeDJejHfjY9ZaMoqZffAHxucP5rOV+g==</latexit>

Ls(x,ω)
<latexit sha1_base64="KlI5EHEGzZykyKij6+vx1aC2mjA=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJmRKrLohsXLirYB3SGkkkzbWiSGZKMWIaCv+LGhSJu/Q53/o2ZdhbaeiBwOOde7skJYkaVdpxvq7C0vLK6VlwvbWxube/Yu3stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRdea3H4hUNBL3ehwTn6OBoCHFSBupZx/cVjyO9DAI08fJKfQiTgbopGeXnaozBVwkbk7KIEejZ395/QgnnAiNGVKq6zqx9lMkNcWMTEpeokiM8AgNSNdQgThRfjqNP4HHRunDMJLmCQ2n6u+NFHGlxjwwk1lUNe9l4n9eN9HhpZ9SESeaCDw7FCYM6ghmXcA+lQRrNjYEYUlNVoiHSCKsTWMlU4I7/+VF0jqrurVq7e68XL/K6yiCQ3AEKsAFF6AObkADNAEGKXgGr+DNerJerHfrYzZasPKdffAH1ucPTKWVFA==</latexit>

L(x,ω) <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>

=

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol
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Transmittance-based Distance Sampling

<latexit sha1_base64="EiutGMOIGMJxee0j8dOnXQsINhc="></latexit>

x

<latexit sha1_base64="ytNjjNNPxWYClnUg/GyaFUBLcXM=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiuSiJSXRbduKxgH9CEMpnctEMnkzAzEUro1o2/4saFIm79A3f+jdM2C209cOFwzr0z954w40xp1/22VlbX1jc2K1v29s7u3r5zcNhWaS4ptGjKU9kNiQLOBLQ00xy6mQSShBw64ehm6nceQCqWins9ziBIyECwmFGijdR3sB/CgImCmjfUBPu+jQ18EFEp9Z2qW3NnwMvEK0kVlWj2nS8/SmmegNCUE6V6npvpoCBSM8phYvu5gozQERlAz1BBElBBMbtkgk+NEuE4laaExjP190RBEqXGSWg6E6KHatGbiv95vVzHV0HBRJZrEHT+UZxzrFM8jQVHTALVfGwIoZKZXTEdEkmoNuHZJgRv8eRl0j6vefVa/e6i2rgu46igY3SCzpCHLlED3aImaiGKHtEzekVv1pP1Yr1bH/PWFaucOUJ/YH3+AB8ImVo=</latexit> n

<latexit sha1_base64="t3KX1vIC5P8D9iTFUQFQj1bta9I=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahgpZEpHoRil48KlgttDVsNpu6dLMJuxNpG/oXvPhXvHhQxKs3b/4bt7UHbX0w8Hhvhpl5fiK4Bsf5snIzs3PzC/nFwtLyyuqavb5xreNUUVajsYhV3SeaCS5ZDTgIVk8UI5Ev2I3fORv6N/dMaR7LK+glrBWRtuQhpwSM5NmlK0+Vunu46/V38Qlmt9l+k0vwnNt+U/N2RDwodXeD7sCzi07ZGQFPE3dMimiMC8/+bAYxTSMmgQqidcN1EmhlRAGngg0KzVSzhNAOabOGoZJETLey0UcDvGOUAIexMiUBj9TfExmJtO5FvumMCNzpSW8o/uc1UgiPWxmXSQpM0p9FYSowxHgYDw64YhREzxBCFTe3YnpHFKFgQiyYENzJl6fJ9UHZrZQrl4fF6uk4jjzaQtuohFx0hKroHF2gGqLoAT2hF/RqPVrP1pv1/tOas8Yzm+gPrI9vYS+cKQ==</latexit>

Tr(x, xz) = e−
R

z

0
σt(x)dx

<latexit sha1_base64="kD2RbwDsn5s4KTR7h7lOM04IPLM="></latexit>

xz

<latexit sha1_base64="AubENT01hhZO/093eF90sAGteuw=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEpEDXci0UYQtbCMYFRI4rG3mSRL9j7YnQuJx/0IG/+KjYUithZ2/hs3MYUaHww83pthZp4XSaHRtj+tsfGJyanpmdnM3PzC4lJ2eeVKh7HiUOahDNWNxzRIEUAZBUq4iRQw35Nw7bVP+/51B5QWYXCJvQhqPmsGoiE4QyO52e2Sm1QRuph0Qpmmt0n1DCSylG7SI+rQXXrpqnx3h3bduy03m7ML9gB0lDhDkiNDlNzsR7Ue8tiHALlkWlccO8JawhQKLiHNVGMNEeNt1oSKoQHzQdeSwVMp3TBKnTZCZSpAOlB/TiTM17rne6bTZ9jSf72++J9XibFxWEtEEMUIAf9e1IglxZD2E6J1oYCj7BnCuBLmVspbTDGOJseMCcH5+/IoudorOMVC8WI/d3wyjGOGrJF1kicOOSDH5JyUSJlwck8eyTN5sR6sJ+vVevtuHbOGM6vkF6z3LzcOnP0=</latexit>

P∆

vol
= 1− Tr(x, xz)

•          : an implicit decision  

based on local volume properties 

(i.e., transmittance)

<latexit sha1_base64="AubENT01hhZO/093eF90sAGteuw=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEpEDXci0UYQtbCMYFRI4rG3mSRL9j7YnQuJx/0IG/+KjYUithZ2/hs3MYUaHww83pthZp4XSaHRtj+tsfGJyanpmdnM3PzC4lJ2eeVKh7HiUOahDNWNxzRIEUAZBUq4iRQw35Nw7bVP+/51B5QWYXCJvQhqPmsGoiE4QyO52e2Sm1QRuph0Qpmmt0n1DCSylG7SI+rQXXrpqnx3h3bduy03m7ML9gB0lDhDkiNDlNzsR7Ue8tiHALlkWlccO8JawhQKLiHNVGMNEeNt1oSKoQHzQdeSwVMp3TBKnTZCZSpAOlB/TiTM17rne6bTZ9jSf72++J9XibFxWEtEEMUIAf9e1IglxZD2E6J1oYCj7BnCuBLmVspbTDGOJseMCcH5+/IoudorOMVC8WI/d3wyjGOGrJF1kicOOSDH5JyUSJlwck8eyTN5sR6sJ+vVevtuHbOGM6vkF6z3LzcOnP0=</latexit>

P∆

vol

87



Candidate Samples

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="jxomIw4wM4Gi0M7zmQwWJTeNt3M=">AAACJ3icbVDLSsNAFJ34rPVVdelmsAh1UxKR6kYpunFZwT6gKWEynbRDJw9mbqQl5G/c+CtuBBXRpX/ipM1CWy8MHM655965x40EV2CaX8bS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGJYoIHrAkcBOtEkhHfFaztjm4yvf3ApOJhcA+TiPV8Mgi4xykBTTmlq8hJbGBjSLRLpGll7PATfIltTxKa2IoPfOLAlE0TO9Sjsk25kKZOqWxWzWnhRWDloIzyajilV7sf0thnAVBBlOpaZgS9hEjgVLC0aMeKRYSOyIB1NQyIz1Qvmd6Z4mPN9LEXSv0CwFP2tyMhvlIT39WdPoGhmtcy8j+tG4N30Ut4EMXAAjpb5MUCQ4iz0HCfS0ZBTDQgVHL9V0yHRCcEOtqiDsGaP3kRtE6rVq1auzsr16/zOAroEB2hCrLQOaqjW9RATUTRI3pGb+jdeDJejA/jc9a6ZOSeA/SnjO8fdbmnkg==</latexit>

preal(xi) =
σt(xi)

σ
<latexit sha1_base64="GKE4rm0XQy8H269DHpTUs/XlTqE="></latexit>

pnull(xi) = 1− preal(xi)

=
σn(xi)

σ

88



Resampling Weights for Delta Tracking

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

Computed based on local volume properties

<latexit sha1_base64="S39lphFozmGuEacOXHn4j+cKGqQ="></latexit>

w
∆(xi)= σt(xi)preal(xi)

Y

j≤i

pnull(xj)

<latexit sha1_base64="uRweE+TdYgUihv92eXkZIksfHBo="></latexit>

w
∆(xsurf) =

Y

i

pnull(xi)
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Resampling Weights for Our Method

<latexit sha1_base64="g43+W273HRVIr2pUbkbYg45DCZk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZwT6gDWEynbRDJw9mbqQlxI2/4saFIm79C3f+jZM2C209cOFwzr3ce48XC67Asr6N0srq2vpGebOytb2zu2fuH7RVlEjKWjQSkex6RDHBQ9YCDoJ1Y8lI4AnW8cY3ud95YFLxKLyHacycgAxD7nNKQEuuedQPCIw8P51kbtoHNoFUJdLPMtesWjVrBrxM7IJUUYGma371BxFNAhYCFUSpnm3F4KREAqeCZZV+olhM6JgMWU/TkARMOensgwyfamWA/UjqCgHP1N8TKQmUmgae7szvVYteLv7n9RLwr5yUh3ECLKTzRX4iMEQ4jwMPuGQUxFQTQiXXt2I6IpJQ0KFVdAj24svLpH1es+u1+t1FtXFdxFFGx+gEnSEbXaIGukVN1EIUPaJn9IrejCfjxXg3PuatJaOYOUR/YHz+AEPImBQ=</latexit>

xsurf
<latexit sha1_base64="ZeSfk/bm2k2uf2i6y9lSYckwmN8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0G3qBac+vuHGiVeAWpQYHWoPrlDxNiYio04VipvuemOsiw1IxwOqv4RtEUkwke0b6lAsdUBdk88wydWWWIokTaJzSaq783MhwrNY1DO5lnVMteLv7n9Y2OroOMidRoKsjiUGQ40gnKC0BDJinRfGoJJpLZrIiMscRE25oqtgRv+curpHNR9xr1xv1lrXlT1FGGEziFc/DgCppwBy1oA4EUnuEV3hzjvDjvzsditOQUO8fwB87nDy3ykcs=</latexit>

x1

<latexit sha1_base64="8nBay3LyAMYz2Xz4NbwMy4nZ8v4=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9gGdoWTSTBuayYQkI5ahv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJJWfauO63s7a+sbm1Xdop7+7tHxxWjo47OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaT29zvPlKlWSIezFTSIMYjwSJGsLGS78fYjMMoe5oN6oNK1a25c6BV4hWkCgVag8qXP0xIGlNhCMda9z1XmiDDyjDC6azsp5pKTCZ4RPuWChxTHWTzzDN0bpUhihJlnzBorv7eyHCs9TQO7WSeUS97ufif109NdB1kTMjUUEEWh6KUI5OgvAA0ZIoSw6eWYKKYzYrIGCtMjK2pbEvwlr+8Sjr1mteoNe4vq82boo4SnMIZXIAHV9CEO2hBGwhIeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gAvdpHM</latexit>

x2

<latexit sha1_base64="kqmr8pjMvOHvj7kf1luk8U8qXTk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSluiy6cVnBPqAJZTKdtEMnkzAPsYT+hhsXirj1Z9z5N07aLLT1wMDhnHu5Z06Ycqa06347K6tr6xubpa3y9s7u3n7l4LCtEiMJbZGEJ7IbYkU5E7Slmea0m0qK45DTTji+zf3OI5WKJeJBT1IaxHgoWMQI1lby/RjrURhlT9P+Rb9SdWvuDGiZeAWpQoFmv/LlDxJiYio04VipnuemOsiw1IxwOi37RtEUkzEe0p6lAsdUBdks8xSdWmWAokTaJzSaqb83MhwrNYlDO5lnVIteLv7n9YyOroOMidRoKsj8UGQ40gnKC0ADJinRfGIJJpLZrIiMsMRE25rKtgRv8cvLpH1e8+q1+v1ltXFT1FGCYziBM/DgChpwB01oAYEUnuEV3hzjvDjvzsd8dMUpdo7gD5zPHzD6kc0=</latexit>

x3

<latexit sha1_base64="aTt3rxj59UXD3z+ZabWPEgQa4ng=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ad0hpJJM21oJhOSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nt7nffaRKs0Q8mKmkQYxHgkWMYGMl34+xGYdR9jQbXA6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1L1GvXF/WWveFHWU4QRO4Rw8uIIm3EEL2kBAwjO8wpuTOi/Ou/OxGC05xc4x/IHz+QMyfpHO</latexit>

x4

<latexit sha1_base64="d9aSVQKwwEeAdvsGCDesHkGjEio="></latexit>

w
?(xi) = Cvol ∗ w

∆(xi)
<latexit sha1_base64="H7sJyyik1MwfBcp3g/MWB2xAPi8="></latexit>

w
?(xsurf) = Csurf ∗ w

∆(xsurf)
Two constants!

Exactly reaches the target
<latexit sha1_base64="93nC2vlB2x7TOJwYUNpcu8jR/3A=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoxWMF+wHtWrJptg3NJksyWy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoZuq3xkwbruQ9TGLmR2QgecgpASs91HtpF9gTpGMlsqxXKrsVdwa8TLyclFGOeq/01e0rmkRMAhXEmI7nxuCnRAOngmXFbmJYTOiIDFjHUkkiZvx0dnWGT63Sx6HStiTgmfp7IiWRMZMosJ0RgaFZ9Kbif14ngfDKT7mME2CSzheFicCg8DQC3OeaURATSwjV3N6K6ZBoQsEGVbQheIsvL5PmecWrVqp3F+XadR5HAR2jE3SGPHSJaugW1VEDUaTRM3pFb86j8+K8Ox/z1hUnnzlCf+B8/gBsBpMi</latexit>

Pvol

<latexit sha1_base64="geq3FMyBQQoM+O4a/NMHCYPmLwQ="></latexit>

Cvol =
P ?

vol

1−
Q

i
pnull(xi)

≈

P ?

vol

P∆

vol
<latexit sha1_base64="FSkiRDiog3KJUfpcZXA3X2OJOoI="></latexit>

Csurf =
1− P ?

volQ
i
pnull(xi)

≈

1− P ?

vol

1− P∆

vol
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