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KinectFusion: Real-Time Dense Surface Mapping 
and Tracking



• Introduction and Motivation

• KinectFusion Algorithm
− Surface measurement

− Pose estimation

− Surface reconstruction update

− Surface prediction

• Experiment and Result

• Conclusion and Outlook
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Outline



• SLAM

− Simultaneous localization and mapping

• Kinect
− RGB-D Camera

− depth through either structured light or time of flight

• GPU
− computation power

− real time localization and mapping
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Introduction and Motivation
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KinectFusion Algorithm Pipeline

• ICP (Iterative Closest Point), an algorithm for pose estimation

• TSDF (truncated signed distance function), a surface representation based on voxels

• Not Nertex, but Vertex (Misspelled word)
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Surface measurement

• Reduction of noise

• Bilateral filter
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Surface measurement

• Reduction of noise

• Vertex map 𝑉𝑘

• Normal map 𝑁𝑘 𝑢

• vertex and normal map pyramid
− L = 3 level multi-scale representation



• ICP (Iterative Closest Point)

• the global point-plane ICP
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Pose estimation
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Pose estimation

• the global point-plane ICP
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Pose estimation

• The iterative solution of ICP

Small-angle approximation
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Pose estimation

• The iterative solution of ICP

First-order optimality condition 
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Pose estimation

• Image pyramid
− problem is highly non-convex

− algorithm might be trapped in a bad local minimum

− a good initialization is needed for the optimization

− coarse to fine scheme



• TSDF (truncated signed distance function)
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Surface reconstruction update
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Surface reconstruction update

• The point p in the global frame g
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Surface reconstruction update

• The global fusion of all depth maps in the volume

• real-time sensor tracking and surface reconstruction
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Surface Prediction

• vertex map 𝑉𝑘−1
𝑔

− Each pixel’s corresponding ray

− starting from the minimum depth 

− stopping when a zero crossing

− e.g. blue one is the new vertex map, red one is ray-casting of the global model

• Normal vectors 𝑁𝑘−1
𝑔



• Experiment setup
− N = 560 frames over ≈ 19 seconds, Kinect sensor is fixed, turntable

− reconstruction resolution of 2563 voxels

• Experiment
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Experiment and Result



• Experiment
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Experiment and Result

every 8th frame every 6th sensor frame, 643 voxels



• Experiment

• 3 cubic meters, cumulative timing results (from bottom to top) :
− pre-processing raw data

− multi-scale data-associations

− multi-scale pose optimizations

− ray-casting the surface prediction

− surface measurement integration
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Experiment and Result



• Failure
− the sensor is faced by a large planar scene

− the translation is free to take any vector in the direction of the plane, and it will not change 

the cost

− infinitely many possible minimum for the cost

• Possible solution
− add photometric cost
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Experiment and Result

same cost!

different translation!



• Conclusion
− up-to-date surface representation fusing all registered data from previous scans.

− accurate and robust tracking of the camera pose by aligning all depth points with the 

complete scene model.

− parallel algorithms for both tracking and mapping, taking full advantage of commodity GPU 

processing hardware.

• Outlook
− reconstruction of largescale models

− automatic semantic segmentation
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Conclusion and Outlook



22

Thank you ！
Any question？


