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Dense SLAM

• Simultaneous Localization And Mapping

• Robotics, Augmented Reality, 
Autonomous Driving, Archaeology, etc.

• Sparse SLAM
• Map with sparse features

• Mostly for tracking

• Dense SLAM
• Full 3D model

• Mostly for scanning

Newcombe, Richard A., et al. "Kinectfusion: Real-time dense surface 
mapping and tracking." ISMAR. 2011.

Illustration from: Krombach, Nicola, et al. "Feature-based 
visual odometry prior for real-time semi-dense stereo 
SLAM." Robotics and Autonomous Systems 109 (2018)



Accelerating Dense SLAM on hardware

GPU
• KinectFusion [1]
• ElasticFusion [2]
• InfiniTAM [3]
• …

FPGA
• Kalman filter / Feature extraction [4,5]
• Semi-Dense SLAM [6]
• Our work: Dense SLAM (InfiniTAM) on FPGA

[1] Newcombe, Richard A., et al. "Kinectfusion: Real-time dense surface mapping and tracking." ISMAR. Vol. 11. No. 2011. 2011.
[2] Whelan, Thomas, et al. "ElasticFusion: Dense SLAM without a pose graph." Robotics: Science and Systems, 2015.
[3] Kähler, Olaf, et al. "Very high frame rate volumetric integration of depth images on mobile devices." IEEE transactions on visualization and computer graphics 21.11 (2015): 1241-1250.
[4] Tertei, Daniel Törtei, Jonathan Piat, and Michel Devy. "FPGA design and implementation of a matrix multiplier based accelerator for 3D EKF SLAM." 2014 International Conference on ReConFigurable Computing and FPGAs 
(ReConFig14). IEEE, 2014.
[5] Fang, Weikang, et al. "FPGA-based ORB feature extraction for real-time visual SLAM." 2017 International Conference on Field Programmable Technology (ICFPT). IEEE, 2017.
[6] Boikos, Konstantinos, and Christos-Savvas Bouganis. "Semi-dense SLAM on an FPGA SoC." 2016 26th International Conference on Field Programmable Logic and Applications (FPL). IEEE, 2016.



InfiniTAM

Real-time Dense SLAM
with hash table

Depth Map /
Voxel Map

TSDF Volume

Surface

Block 1
Block 3
Block 6

Block 4

Block 2

x/y/z Hash

…

Gautier, Quentin, et al. "Spector: An opencl fpga benchmark suite." 2016 International Conference on Field-Programmable 
Technology (FPT). IEEE, 2016.



InfiniTAM on FPGA
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FPGA architecture specification

Algo
specification
_________
_________
_________
_________
_________
_________



Depth Fusion

Tunable Parameters (knobs)
• Loop

• Work-Items vs. for loop (pipeline)

• # of compute unit duplications

• Memory caching: automatic / manual

• Unrolling factors

• Placement of conditional

• Interpolation

• Etc.

Algorithm specification in OpenCL



RaycastingICP

Tunable 
Knobs



Depth Fusion + Raycasting

• Combined algorithm with custom data 
structure

Shared DDR Memory

FPGA

ARM Tracking (ICP)

Voxel 
Map

3D Model
(TSDF Volume)

Depth 
Map

SoC Board

Depth Fusion
+

Raycasting



Implementation

Platforms
• DE1 FPGA SoC board

• DE5 FPGA PCI-e board

Datasets
• TUM (320 x 240)

• Cave (320 x 180)

End-to-end runtime

+ Logic Utilization



Results
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Design Spaces Analysis

LASSO Analysis

Loop implementation / 
pipelining

Memory caching

Other computation knobs



Google Tango Demo

Depth Fusion + Raycasting + ICP 
on PCI-e FPGA

Depth 
Map

Feedback 
display



Conclusion

• Explored different dense SLAM architectures on FPGA
• FPGA SoC and PCI-e FPGA

• Parameterized algorithms for knob analysis

• Dense SLAM runs on FPGA
→ Needs medium-sized FPGA SoC

More on GitHub:
https://github.com/KastnerRG/infinitam_fpga
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