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INTRODUCTION2
Development History of 3D Reconstruction



Early Computer Graphics 
Era

• 1960s

Introduction of Lidar and 
3D Scanners (high 

quality 3D point cloud)
• 1990s

Sparse 3D 
Reconstruction(SLAM)

• 2010s

Dense 3D 
Reconstruction and 

Deep Learning
• 2010s

Real-Time Volumetric 
Mapping •2010s
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INTRODUCTION2
Development History of 3D Reconstruction
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DEVELOPMENT REAL-TIME 3D MAPPING2
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DEVELOPMENT REAL-TIME 3D MAPPING2
Related Work

Octree
• Tree-based data structure  
• Recursive subdivision of space  
• Volumes allocated as needed  
• Multi-resolution

Quote: OctoMap: An Efficient Probabilistic 3D Mapping Framework Based on Octrees
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DEVELOPMENT REAL-TIME 3D MAPPING2
Related Work

VDB Tree
• Fixed depth

• Fix Depth to divide

Quote: VDBFusion: Flexible and Efficient TSDF Integration of Range Sensor Data
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METHODS DESCRIPTION3

OctoMap
• Based on octree data structure  
• Occupancy Probabilities for each node including free and occupied 
  Occupancy probability

Occupancy Update                                                       log-odds notation

Quote: OctoMap: An Efficient Probabilistic 3D Mapping Framework Based on Octrees
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METHODS DESCRIPTION2

UFOMap
• Based on Octree
• Probabilistic representation of occupancy including Free, occupied and unknown space
• Nodes indicators
• 3 faster Methods for insertions of Octree 
  

Quote: UFOMap: An Efficient Probabilistic 3D Mapping Framework That Embraces the Unknown
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METHODS DESCRIPTION2

UFOMap
• Based on octrees  
• Probabilistic representation of occupancy including Free, occupied and unknown space
• Nodes indicators
• 3 faster Methods for insertions of Octree 
  

Indicator Meaning

node contains free space

node contains unknown space

all of a node’s children are the same

Quote: UFOMap: An Efficient Probabilistic 3D Mapping Framework That Embraces the Unknown
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METHODS DESCRIPTION2

UFOMap
• Experiments and results

• Memory Consumption and Node Count
• Insertion

38%

Quote: UFOMap: An Efficient Probabilistic 3D Mapping Framework That Embraces the Unknown
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METHOD DESCRIPTION2

UFOMap
• Experiments and results

• Memory Consumption and Node Count
• Insertion

50%

Quote: UFOMap: An Efficient Probabilistic 3D Mapping Framework That Embraces the Unknown



TUM School of Computation, Information and Technology| Seminar | Wenjie Zheng 

METHODS DESCRIPTION2

Adaptive-Resolution Mapping
• Based on octrees  
• Probabilistic representation of occupancy including Free, occupied and unknown space
• Adaptive-resolution volumetric mapping

• Criterion
• Decision process (Bounding box + Pooling images)

  

Quote: Multi-Resolution 3D Mapping With Explicit Free Space Representation for Fast and Accurate Mobile Robot Motion Planning
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METHODS DESCRIPTION2

Adaptive-Resolution Mapping
• Based on octrees  
• Probabilistic representation of occupancy including Free, occupied and unknown space
• Adaptive-resolution volumetric mapping

• Criterion
• Decision process (Bounding box + Pooling images)

  

Quote: Multi-Resolution 3D Mapping With Explicit Free Space Representation for Fast and Accurate Mobile Robot Motion Planning
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METHODS DESCRIPTION2

Adaptive-Resolution Mapping
• Experiments and results

• Tracking performance

Quote: Multi-Resolution 3D Mapping With Explicit Free Space Representation for Fast and Accurate Mobile Robot Motion Planning
Dataset: Cow and Lady
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METHODS DESCRIPTION2

VDBFusion
• Based on VDB structure  
• TSDF-based mapping  

Quote: VDBFusion: Flexible and Efficient TSDF Integration of Range Sensor Data
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METHODS DESCRIPTION2

VDBFusion
• Based on VDB tree structure  
• TSDF-based mapping  

Quote: VDBFusion: Flexible and Efficient TSDF Integration of Range Sensor Data

• Memory-efficient
• Fast to access
• Easy to use
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METHODS DESCRIPTION2

VDBFusion
• Experiments and results

• Tracking performance

Quote: VDBFusion: Flexible and Efficient TSDF Integration of Range Sensor Data

Higher level of details



Real-Time 3D Mapping 
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COMMENTS AND FUTURE5
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COMMENTS AND FUTURE5
Future
• VDB structure
• Optimize the Algorithm VDB
• Adaptive resolution


