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Scene Representation - Goals

• Novel,	learned	scene	representations	for	large-scale	

mapping

• Flexible,	scalable,	efficient	(storage	/	access)

• Richer	content	(geometry,	appearance,	lighting,	

semantics,	instances,	physics,	materials,	

dynamics,	functionality,	actions,	natural	language)

• Hierarchical	content

• Task	agnostic,	multi-task	use

• Suitable	for	online	updates

• Suitable	for	sensor	fusion	/	collaborative	editing

[Rosinol	et	al.	3D	Dynamic	Scene	Graphs:	Actionable	

SpatialPerception	with	Places,	Objects,	and	Humans,	RSS	2020]
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Scene Representations
[https://arxiv.org/pdf/1803.03352.pdf]

Spline/NURBS Point	Cloud Surface	Mesh Voxel	Grid Voxel	Octree

Signed	Distance

explicit implicit

Occupancy

Tetrahedral	Mesh Voxel	Hashing

(topology	change=hard) (topology	change=simple)
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Voxel	Grid Point	Cloud Mesh (Neural)	Classifier

Learned	/	Deep	Representations:

OccNet	[https://arxiv.org/pdf/1812.03828.pdf]

DeepSDF	[https://arxiv.org/pdf/1901.05103.pdf]

IM-Net	[https://arxiv.org/pdf/1812.02822.pdf] [NeRF	- Neural	Radiance	Fields,	ECCV	2020]

[DeepVoxels	CVPR	2019]

Neural	implicit

[Peng	et	al.,	Convolutional	Occupancy	Networks,	ECCV	2020]
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Implicit Volumetric Representation
• Voxel grid:	sample	a	volume	containing	the	surface	of	interest	uniformly

• Label	each	grid	point	as	lying	inside	or	outside	the	surface	

• The	modeled	surface	is	represented	as	an	isosurface (e.g.	SDF	=	0	or	OF	=	0.5)	of	the	labeling	

(implicit)	function

• Advantages:	simple	handling	of	topological	changes,	watertight	surfaces,	no	self-occlusions

Disadvantages:	Large	memory	requirement,	bad	scalability	to	large	scenes	(cubic	growth)

SDF	=	0

SDF	>	0

SDF	<	0

Signed	distance	function	 Occupancy	function	

OF	=	0.5

OF	=	0

OF	=	1
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Represent Scenes with TSDFs

[Newcombe	&	Lovegrove,	Geometric	Reconstruction	Lecture]
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Real-time Mapping - KinectFusion
[Newcombe	et	al,	ISMAR	2011]



10[Richared	Newcombe,	PhD	Thesis,	Imperial	College	London,	2014]

Baseline:	Depth	fusion	with	Truncated	signed	distance	functions	(TSDFs)

Advantages

• Local	updates	on	grid	(const.	time)

• Simple	online	updates,	noise	removal

• Highly	parallelizable

• Real-time

Disadvantages

• Not	well	suited	for	non-Gaussian,	non-zero-mean	noise	

(often	depth	dependent)

• Minimal	surface	thickness	according	to	expected	noise	level

• Does	not	work	for	thin	surfaces,	updates	might	cancel	out	

each	other	for	opposing	views

• Noise	level	is	assumed	to	be	directional	independent	(but	

depends	on	viewing	direction)

• No	outlier	handling
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<latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit>

<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

<latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit>

<latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit>

V t(x) =
W t−1(x) · V t−1(x) + wt(x) · vt(x)

W t−1(x) + wt(x)

W t(x) = W t−1(x) + wt(x) ,

TSDF	Fusion

TSDF	Fusion

Learned	Fusion

Real-time Mapping
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Update	Predicted	TSDF	Values

into	Global	Voxel	Grid

Extract	TSDF	Values

from	Global	Voxel	Grid

Compute	Depth	Routing

from	Input	Depth

Compute	Depth	Fusion

on	Local	Voxel	Grid

Dt
<latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

Vt
<latexit sha1_base64="UGaRS/bQpaaeoXv6Ij/HyjNN0vs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x7kOBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcCFI7N</latexit><latexit sha1_base64="UGaRS/bQpaaeoXv6Ij/HyjNN0vs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x7kOBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcCFI7N</latexit><latexit sha1_base64="UGaRS/bQpaaeoXv6Ij/HyjNN0vs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x7kOBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcCFI7N</latexit><latexit sha1_base64="UGaRS/bQpaaeoXv6Ij/HyjNN0vs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x7kOBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcCFI7N</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

V
∗

t−1
<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

v∗t
<latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit><latexit sha1_base64="g0ahDGW+0cj3TBcvAEVi+JBJThY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWz3bRLN5uwOymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW2OujYjVI04S7kd0oEQoGEUrtcZPF70Mp71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m507JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbzxM6GSFLlii0VhKgnGZPY76QvNGcqJJZRpYW8lbEg1ZWgTKtkQvOWXV0nzsuq5Ve/hqlK7zeMowgmcwjl4cA01uIc6NIDBCJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9Oh4+J</latexit>

V
∗

t−1
<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

D̂t
<latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit>

Ct
<latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit>

Extract	TSDF	Values

from	Global	Voxel	Grid

Compute	Depth	Routing

from	Input	Depth

Compute	Depth	Fusion

on	Local	Voxel	Grid

Dt
<latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

V
∗

t−1
<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

V
∗

t−1
<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

D̂t
<latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit>

Ct
<latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit><latexit sha1_base64="/l3+KMS700r/WAZmI6qSvZKTo4s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST5tzvPHFtRKIecZryIKYjJSLBKFrJbw5ynA2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+g2yIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rjroijDGdwDpfgwQ004B5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wfk7Y66</latexit>

Extract	TSDF	Values

from	Global	Voxel	Grid

Compute	Depth	Routing

from	Input	Depth

Dt
<latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

V
∗

t−1
<latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit><latexit sha1_base64="aL7suyFvpgazcNHCS1B4QSQf8C8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIYElE0GPRi8cK9kPaWDbbTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUkS8jgIlbyWaUxVI3gyGNxO/+cS1EXF0j6OE+4r2IxEKRtFKD43H026GZ964Wyq7FXcKski8nJQhR61b+ur0YpYqHiGT1Ji25yboZ1SjYJKPi53U8ISyIe3ztqURVdz42fTgMTm2So+EsbYVIZmqvycyqowZqcB2KooDM+9NxP+8dorhlZ+JKEmRR2y2KEwlwZhMvic9oTlDObKEMi3srYQNqKYMbUZFG4I3//IiaZxXPLfi3V2Uq9d5HAU4hCM4AQ8uoQq3UIM6MFDwDK/w5mjnxXl3PmatS04+cwB/4Hz+APqEj9s=</latexit>

D̂t
<latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit><latexit sha1_base64="5NcY8CvifT8zNaGtRbJPBs6mkMA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LGoB48V7Ae0oWy2m3bpZjfsToQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJ7czvPDFtuJKPOE1YEJOR5BGnBK3U648JZnf5IMN8UK15dW8Od5X4BalBgeag+tUfKprGTCIVxJie7yUYZEQjp4LllX5qWELohIxYz1JJYmaCbH5y7p5ZZehGStuS6M7V3xMZiY2ZxqHtjAmOzbI3E//zeilG10HGZZIik3SxKEqFi8qd/e8OuWYUxdQSQjW3t7p0TDShaFOq2BD85ZdXSfui7nt1/+Gy1rgp4ijDCZzCOfhwBQ24hya0gIKCZ3iFNwedF+fd+Vi0lpxi5hj+wPn8Abq4kYg=</latexit>

Compute	Depth	Routing

from	Input	Depth

Dt
<latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit><latexit sha1_base64="ABVFD0TiDBnGLy3B3TzS1iGxAE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHm772C9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAiBI2v</latexit>

Vt−1
<latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit><latexit sha1_base64="U/ZSyCGzJwm01AFiZoHJdBLOWsE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7nK/88S1EbF6xGnC/YiOlAgFo2ilTnuQ4YU3G1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+hnVKJjks0o/NTyhbEJHvGepohE3fjY/d0bOrDIkYaxtKSRz9fdERiNjplFgOyOKY7Ps5eJ/Xi/F8MbPhEpS5IotFoWpJBiT/HcyFJozlFNLKNPC3krYmGrK0CZUsSF4yy+vkvZl3XPr3sNVrXFbxFGGEziFc/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox+L1pJTzBzDHzifP945jz8=</latexit>

[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR	2020]

System	Overview

Network	Architecture

RoutedFusion: Learning Depth Map Fusion
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RoutedFusion: Learning Depth Map Fusion
[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR	2020]
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DeepSDF [38] Occ.Net. [35] TSDF [9] Ours GT

Method
MSE MAD Acc. IoU

[e-05] [%] [0, 1]

DeepSDF [38] 464.0 0.0499 66.48 0.538

OccupancyNetworks [35] 56.8 0.0166 85.66 0.484

TSDF Fusion [9] 11.0 0.0078 88.06 0.659

TSDF Fusion + Routing 27.0 0.0084 87.48 0.650

Ours w/o Routing 5.9 0.0051 93.91 0.765

Ours 5.9 0.0050 94.77 0.785

RoutedFusion: Learning Depth Map Fusion
[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR	2020]



14TSDF [2] Ours

RoutedFusion: Learning Depth Map Fusion
[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR	2020]
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[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR 2021]

NeuralFusion: Depth Fusion in Latent Space

Major	Problem:	Outlier	handling

TSDF	Fusion RoutedFusion NeuralFusionInput

Difficulty	in	online fusion:	

1st	measurement	vs.	outlier
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Outlier Method MSE↓ MAD↓ Acc.↑ IoU↑

Fraction [e-05] [e-02] [%] [0,1]

0.01

TSDF

Fusion
34.51 1.17 85.17 0.645

Routed-

Fusion
5.43 0.57 95.21 0.837

Ours 2.27 0.29 97.57 0.884

0.05

TSDF

Fusion
80.72 2.02 73.86 0.432

Routed-

Fusion
9.84 0.68 94.46 0.803

Ours 4.91 0.22 98.05 0.851

0.1

TSDF

Fusion
102.50 2.43 67.47 0.341

Routed-

Fusion
14.25 0.77 92.95 0.764

Ours 3.35 0.22 98.48 0.865

Reconstructed Geometry Outlier Projection onto XY-Plane

TSDF Routed- TSDF Routed-
Fusion [8] Fusion [61] Ours Fusion [8] Fusion [61] Ours

NeuralFusion: Depth Fusion in Latent Space
[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR 2021]
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NeuralFusion: Depth Fusion in Latent Space

DeepSDF IF-Net TSDF	Fusion RoutedFusion NeuralFusion

Method MSE↓ MAD↓ Acc.↑ IoU↑ F1↑

[e-05] [e-02] [%] [0,1] [0,1]

DeepSDF [42] 464.0 4.99 66.48 0.538 0.66

Occ.Net. [37] 56.8 1.66 85.66 0.484 0.62

IF-Net [7] 6.2 0.47 93.16 0.759 0.86

TSDF Fusion [8] 11.0 0.78 88.06 0.659 0.79

TSDF + 2D denoising 27.0 0.84 87.48 0.650 0.78

TSDF + 3D denoising 8.2 0.61 94.76 0.816 0.89

RoutedFusion [61] 5.9 0.50 94.77 0.785 0.87

Ours 2.9 0.27 97.00 0.890 0.94

N MSE↓ MAD↓ Acc.↑ IoU↑

[e-05] [e-02] [%] [0,1]

1 - - - -

2 9.45 0.64 94.67 0.717

4 4.03 0.30 97.51 0.863

8 3.99 0.29 97.46 0.862

16 3.91 0.29 97.50 0.863

[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR 2021]
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NeuralFusion: Depth Fusion in Latent Space
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Input Frame PSR [25] TSDF Fusion [8] RoutedFusion [61] Ours

[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR 2021]
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NeuralFusion: Depth Fusion in Latent Space

XY-Plane XZ-Plane YZ-Plane Output Mesh

Latent	Space Iterative	fusion	performance

Random	frame	order

TSDF	Fusion RoutedFusion NeuralFusion

[Weder,	Schoenberger,	

Pollefeys,	Oswald,	CVPR 2021]
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Neural Implicit Representations

SDF
Color
……
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Neural Implicit Representations

ConvONet [Peng et al., 
ECCV’20]

NeRF [Mildenhall et al., 
ECCV’20]
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Neural Implicit SLAM: iMAP

[Sucar et al., ICCV’21]
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Neural Implicit SLAM: iMAP

Fail when scaling up to larger scenes

Global update → Catastrophic forgetting

Slow convergence

A single MLP

(Results from our iMAP re-implementation)

Predicted Poses

GT Poses

[Sucar et al., ICCV’21]
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NICE-SLAM

Local update → No forgetting problem

Fast convergence

Applicable to large-scale scenes

Feature grids + tiny MLPs

Predicted Poses

GT Poses

[NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]



25

NICE-SLAM [NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]
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Mapping

NICE-SLAM [NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]
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Results [NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]

iMAP* NICE-SLAM
(our re-implementation of iMAP)

4x Speed

Predicted Poses

GT Poses
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Results [NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]

10x Speed

iMAP* NICE-SLAM
(our re-implementation of iMAP)
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Results [NICE-SLAM,	Zhu,	Peng,	

Larsson,	Xu,	Bao,	Cui,	

Oswald,	Pollefeys,	CVPR 2022]
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Computer	Vision Computer	Graphic

Scene

Representation

2D	to	3D

Scene

Understanding

Differentiable

Rendering

Input	Image(s) Output	Image(s)

Self-supervised	consistency	loss

Self-Supervised Learning

=	(																																			)-1
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Shape From Blur [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS	2021]
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Shape From Blur

2D    3D

[Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS	2021]
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Method overview [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS	2021]

Translational	

Change

Rotational	

Change Mesh Texture

Fast	Moving	Object	(FMO)	representation

Initial	

Translation

Initial	

Rotation

Silhouette

AppearanceDR DRDRDRDRDRDR …

…

…

=

=
Background

Input	image

Masks

Silhouette	loss

Texture

smoothness	loss

Laplacian	shape

regulariation	loss

Image	formation	loss
Deep	neural	network

Data

Loss	function

DR Differentiable	renderer

Input

Θ=,ector t , r, r,∆r,t,∆t;

⌘

·B .

Î(

LI) = kI � Î(Θ, r,∆r, t,∆t;B)k1

masks Mτ

object location

LS

) + LT (

· LL

−

Z

1

0

DeFMO

IoU
⇣

M

−

Z

1

0

IoU
⇣

M

IoU
⇣

M

IoU
⇣

M

appearance F

silhouette S

step τ = 0 step τ = 1 step τ = 1step τ = 0Discrete	time	samples	from	a	continuous,	normalized	time	domain	=	input	image	exposure	time

)
�

dτ

)
�

dτ

=

[Rozumnyi et al. “DeFMO: Deblurring and Shape Recovery of Fast Moving Objects”, CVPR 2021]
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Loss Optimization [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]

PSNR	31.826

SSIM	0.794
PSNR	28.265

SSIM	0.768

PSNR	30.132

SSIM	0.772

0.0179

Ground	truth

x	500	 x	500	 x	500	

Image	formation	loss:

Input

0.0183 0.0165

Scores:

argmin

Torus Sphere	1 Sphere	2
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Loss Optimization [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]

PSNR	25.816

SSIM	0.753
PSNR	30.804	SSIM	

0.767

PSNR	33.605	SSIM	

0.864

0.0172

Ground	truth

x	500	 x	500	 x	500	

Loss:

Input

0.0225 0.0254

Scores:

argmin

Torus Sphere	1 Sphere	2
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Shape From Blur Results [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]
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Shape From Blur Results [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]
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Shape From Blur Results [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]
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Shape From Blur Results
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[Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	NeurIPS2021]

Can we further improve these results?

Yes!
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Motion From Blur [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	CVPR	2022]

Cropped
Input Video

Generated
Blurred Video

Generated Video

Averaging
+Matting

⌘

·B .

… …

…

Exposure Time

Exposure Gap

Constant Mesh Parameters

Foreground Silhouettes

Padded 
Cropping

Clean
Background

Video

(higher frame rate)

(input frame rate) (input frame rate)

Deep neural network

Data

Loss function

DR Differentiable renderer

Median Filter Blurred object
detection

Î(

Time

Input Video with Blurred Object Deblurred, Temporally Super-resolved Output

Clean
Background

Texture
smoothness loss

Laplacian shape
regulariation loss

) + LT (

· LL

Bounce!

Mesh Texture Map

…

DR

DR

DR

DR

DR

DR

DR

DR

DR

Op Image Operation

Initial
Masks
masks Mτ

object location

Video reconstruction 
loss

Silhouette loss LS

Averaging
+Matting

Averaging
+Matting

DeFMO

LV (Θ,Ω, ✏|V,B) =

1

N

N
X

n=1

kIn � În(Θ,Ω, ✏|B)k

✏
<latexit sha1_base64="4l8NJYEGBb8CJPn2HAScgSn1P5c=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURQZdFNy4r2Ae0oUwmt+3QyYOZiVBD8VfcuFDErf/hzr9xkmahrQcGDufc1xwvFlxp2/62Siura+sb5c3K1vbO7l51/6CtokQybLFIRLLrUYWCh9jSXAvsxhJp4AnseJObzO88oFQ8Cu/1NEY3oKOQDzmj2kiD6lE/n5FK9GeVPsaKi0yu2XU7B1kmTkFqUKA5qH71/YglAYaaCapUz7Fj7aZUas4EmsGJwpiyCR1hz9CQBqjcNN88I6dG8ckwkuaFmuTq746UBkpNA89UBlSP1aKXif95vUQPr9yUh3GiMWTzRcNEEB2RLAric4lMi6khlElubiVsTCVl2gRWMSE4i19eJu3zumPXnbuLWuO6iKMMx3ACZ+DAJTTgFprQAgaP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QPplZWB</latexit><latexit sha1_base64="4l8NJYEGBb8CJPn2HAScgSn1P5c=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURQZdFNy4r2Ae0oUwmt+3QyYOZiVBD8VfcuFDErf/hzr9xkmahrQcGDufc1xwvFlxp2/62Siura+sb5c3K1vbO7l51/6CtokQybLFIRLLrUYWCh9jSXAvsxhJp4AnseJObzO88oFQ8Cu/1NEY3oKOQDzmj2kiD6lE/n5FK9GeVPsaKi0yu2XU7B1kmTkFqUKA5qH71/YglAYaaCapUz7Fj7aZUas4EmsGJwpiyCR1hz9CQBqjcNN88I6dG8ckwkuaFmuTq746UBkpNA89UBlSP1aKXif95vUQPr9yUh3GiMWTzRcNEEB2RLAric4lMi6khlElubiVsTCVl2gRWMSE4i19eJu3zumPXnbuLWuO6iKMMx3ACZ+DAJTTgFprQAgaP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QPplZWB</latexit><latexit sha1_base64="4l8NJYEGBb8CJPn2HAScgSn1P5c=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURQZdFNy4r2Ae0oUwmt+3QyYOZiVBD8VfcuFDErf/hzr9xkmahrQcGDufc1xwvFlxp2/62Siura+sb5c3K1vbO7l51/6CtokQybLFIRLLrUYWCh9jSXAvsxhJp4AnseJObzO88oFQ8Cu/1NEY3oKOQDzmj2kiD6lE/n5FK9GeVPsaKi0yu2XU7B1kmTkFqUKA5qH71/YglAYaaCapUz7Fj7aZUas4EmsGJwpiyCR1hz9CQBqjcNN88I6dG8ckwkuaFmuTq746UBkpNA89UBlSP1aKXif95vUQPr9yUh3GiMWTzRcNEEB2RLAric4lMi6khlElubiVsTCVl2gRWMSE4i19eJu3zumPXnbuLWuO6iKMMx3ACZ+DAJTTgFprQAgaP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QPplZWB</latexit><latexit sha1_base64="4l8NJYEGBb8CJPn2HAScgSn1P5c=">AAAB/XicbVDLSsNAFL2pr1pf9bFzM1gEVyURQZdFNy4r2Ae0oUwmt+3QyYOZiVBD8VfcuFDErf/hzr9xkmahrQcGDufc1xwvFlxp2/62Siura+sb5c3K1vbO7l51/6CtokQybLFIRLLrUYWCh9jSXAvsxhJp4AnseJObzO88oFQ8Cu/1NEY3oKOQDzmj2kiD6lE/n5FK9GeVPsaKi0yu2XU7B1kmTkFqUKA5qH71/YglAYaaCapUz7Fj7aZUas4EmsGJwpiyCR1hz9CQBqjcNN88I6dG8ckwkuaFmuTq746UBkpNA89UBlSP1aKXif95vUQPr9yUh3GiMWTzRcNEEB2RLAric4lMi6khlElubiVsTCVl2gRWMSE4i19eJu3zumPXnbuLWuO6iKMMx3ACZ+DAJTTgFprQAgaP8Ayv8GY9WS/Wu/UxLy1ZRc8h/IH1+QPplZWB</latexit>

Motion Parameters

Bounce
time

translation, rotation with 
velocity and accelation

Trajectory
before bounce

Trajectory
after bounce

mesh Θ

motion Ω

Prototypes



41

Motion From Blur
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[Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	CVPR	2022]
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Motion From Blur [Rozumnyi,	Oswald,	

Ferrari,	Pollefeys,	CVPR	2022]
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Computer	Vision Computer	Graphic

Scene

Representation

2D	to	3D

Scene

Understanding

Differentiable

Rendering

Input	Image(s) Output	Image(s)

Self-supervised	consistency	loss

Self-Supervised Learning

Training-Time
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Computer	Vision Computer	Graphic

2D	to	3D

Scene

Understanding

Differentiable

Rendering

Input	Image(s) Output	Image(s)

Self-Supervised Learning

Scene

Representation

Test-Time
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Computer	Vision Computer	Graphic

2D	to	3D

Scene

Understanding

Differentiable

Rendering

Input	Image(s) Output	Image(s)

Self-Supervised Learning

Scene

Representation

Test-Time
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Take Home Messages

• Combining	learning	approaches	and	classical	geometry	improves	learning

• Image	reprojection	error	with	differentiable	rendering	is	a	powerful	

supervisory	signal	- at	training	+	test	time	->	self-supervised	learning!

• Test	time	optimization	is	powerful

->	clever	combination	of	training+test-time	optimization


