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• Importance of Volumetric 

Mapping

• Challenges at Large Scales

− Data Volume

− Memory Efficiency

− Global Consistency

3Qiancheng HU        - Robotics, Cognition & Intelligence, CIT

I. Introduction
Significance and challenges



• Volumetric Mapping with Voxels: 

− Basis for autonomous systems' 

environmental understanding. 

• Reduced Computational Complexity:

− Compared to point clouds, voxel-based 

mapping enables efficient processing and 

storage. (Fixed upper-bound 

Computational Complexity)

• Applications: 

− Autonomous vehicles, drones, robots.

• Recent Advancements: 

− Sparse convolutional networks (SpConv) 

improve voxel grid operations.

• Real-time Adaptation: 

− Systems can adjust in real-time for 

navigation and obstacle avoidance.
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Introduction - Motivation

Volumetric maps

Pixels

Voxels



• Data Volume: 

− LiDAR and RGB-D cameras produce vast data, challenging processing and storage.

• Memory Efficiency: 

− Need for advanced data structures (e.g., Octrees) to store large maps compactly.

• Global Consistency: 

− Alignment errors accumulate over large maps, requiring techniques like loop closure 

and optimization.

5Qiancheng HU        - Robotics, Cognition & Intelligence, CIT

Introduction - Challenges at Large Scales
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II. Related Works
Key advancements in volumetric mapping



• Semantic Mapping:

− Semantic layers enhance map 

interpretability; (Blaha. 2016)

− Elastic submaps manage 

transitions between indoor 

and outdoor spaces.(Wang. 

2022)
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Related Work - Overview

• Hierarchical Representations: 

− Efficient memory management and hybrid 

compression techniques using Octrees and scalability 

improvements with OpenVDB.(Hagmanns. 2022, 

Wurm. 2010, Gehrung. 2016)

• Surface Modeling and Global 

Consistency: .

− SDFs and TSDFs improve surface accuracy and 

reduce alignment errors. (Reijgwart. 2019, Kühner. 

2020)



• Hierarchical Representations

• Surface Modeling

• Semantic and Adaptive 

Frameworks

• Global Consistency
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III. Methods
Exploring key techniques to address challenges in volumetric mapping



• Octrees

− divide space into cubic voxels.
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Methods - Hierarchical Representations

• OctoMap framework

− optimizes memory by pruning child 

nodes. (resolution determined by 

depth of nodes)

• Log-odds representation

− For efficient belief updates. (also 

enables loop adaption)



• SDFs

− model surfaces with high accuracy.
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Methods - Surface Modeling

• TSDFs

− optimize performance with truncation.



• Adaptive regularization (Blaha. 2016)

− prioritizes critical areas.
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Methods - Semantic and Adaptive Frameworks

• Convex energy minimization 

model(Blaha. 2016)

Discrete Energy in the Octree

• Elastic submaps adjust to 

environmental changes. (Wang. 2022), 

based on the work of Voxgraph



• SDF submaps (Reijgwart. 2019)

12Qiancheng HU        - Robotics, Cognition & Intelligence, CIT

Methods - Global Consistency

• LiDAR-based fusion (Kühner. 2020)

o Loop closure weight updates

o Cylinder projection model



• Memory Efficiency

• Semantic benchmarks

• Global Consistency
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IV. Experiments and Results
Real-world evaluations
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Experiments and Results - Memory Efficiency

• OctoMap (Wurm. 2010)

• Global occupancy mapping using 

OpenVDB(Hagmanns. 2022)

• Map compression (Gehrung. 2016)
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Experiments and Results - Semantic Mapping

• Adaptive resolution framework(Blaha. 2016)

• Elastic submaps framework(Wang. 2022)
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Experiments and Results - Global Consistency

• Voxgraph(Reijgwart. 2019)

• LiDAR fusion(Kühner. 2020)

o Comparing with- and without SDF submaps

o Adjusting trajectory errors on the odometry
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Experiments and Results - Discussion of Trade-offs

• Memory Efficiency vs. 

Precision:

− OctoMap is fast for large 

environments 

− Gehrung's method balances 

efficiency with accuracy

• Real-time Adaptability vs. 

Computational Cost

− Static solutions (Blaha. 2016) cannot adapt as 

quickly to fast-changing environments

− Alternatives such as Octomap-RT(Min. 2023) 

though results not presented here, does solve 

the problem, but relies on computational 

expensive devices(GPU).



❑ Real-Time Scalability

❑ Sensor Fusion Integration

❑ Memory Efficiency

❑ Semantic Integration
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IV. Future Works
Proposed research directions

Key Aspects Possiple Directions

❑ Semantic and Dynamic Adaptability

❑ GPU-Accelerated Volumetric 

Mapping

❑ Advanced hybrid Compression 

Techniques

❑ Multi-Sensor Fusion

❑ Global Consistency & Trajectory 

Optimization
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V. Summary
…To wrap up…

Volumetric 

Mapping
Challenges

…

Key Methods

…

Experiments

…
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Thanks for your attention!
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