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Simultaneous localisation and mapping (SLAM)

Build a coherent world representation and localise the camera in real-time

Video:
Dyson 360 Eye



https://www.youtube.com/watch?v=OadhuICDAjk
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Simultaneous localisation and mapping (SLAM)
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SIGGRAPH Talks 2011
KinectFusion:

Real-Time Dynamic 3D Surface
[Whelan et al. 2012] Reconstruction and Interaction

Shahram lzadi 1, Richard Newcombe 2, David Kim 1.3, Otmar Hilliges 1,
David Molyneaux 1.4, Pushmeet Kohli 1, Jamie Shotton 1,
Steve Hodges 1, Dustin Freeman 5, Andrew Davison 2, Andrew Fitzgibbon 1

1 Microsoft Research Cambridge 2 imperial College London

Video: 3 Newcastie University 4 Lancaster University
[Newcombe et al. ISMAR 2011] > University of Toronto



https://www.youtube.com/watch?v=quGhaggn3cQ#t=102
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SLAMBench framework

SLAM benchmarks

Dense SLAM Semi-dense SLAM Sparse SLAM

Implementation languages

Desktop to embedded platforms

Datasets

Performance evaluation

[Nardi et al., 2015]
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“Performance” on SLAMBench

* Runtime/energy/accuracy measurements
 Accuracy provided via absolute trajectory error (ATE)
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"Performance” on SLAMBench |

* Runtime/energy/accuracy measurements
 Accuracy provided via absolute trajectory error (ATE)
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"Performance” on SLAMBench i

* Runtime/energy/accuracy measurements
 Accuracy provided via absolute trajectory error (ATE)
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What is the optimisation space?

Configuration parameters:
1. Algorithmic:
* Application-specific parameters

* Minimisation methods
* Early exit condition values
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What is the optimisation space?

Configuration parameters:

1. Algorithmic:
* Application-specific parameters
* Minimisation methods
e Early exit condition values

2. Compilation:
e opencl-params: -cl-mad-enable,-cl-fast-relaxed-math, etc.
* Local work group size
e Kernel partitioning ratio
* [hread coarsening
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What is the optimisation space?

Configuration parameters:
1. Algorithmic:
* Application-specific parameters
* Minimisation methods
* Early exit condition values
2. Compilation:
e opencl-params: -cl-mad-enable,-cl-fast-relaxed-math, etc.
* Local work group size
* Kernel partitioning ratio
* [hread coarsening
3. Hardware:
e CPU frequency
e # of active big cores
e # of active LITTLE cores

Warning: huge spaces, impossible to run exhaustively
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KinectFusion algorithmic features

Features

04x64x64, 128x128x128,
256x256%x256, 512x512x512

u distance 0..0.5
Pyramid level iterations (3 levels) 0,1,2,3,4,506,7,8,9, 10, 11

Image resolution (image ratio) 1,2,4,8

Tracking rate 1,2,3,4,5

ICP threshold 106.. 102
Integration rate 1 .. 30

Volume resolution

Image resolution (image ratio) Volume resolution —

640x480 320x240 160x120 80x60 2x2x2 3x3x3 6x6x6

v



Error (ATE)
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Goal of the exploration

Error threshold,

Runtime threshold
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Machine learning methods useo

X ] 1
- 1 1 g K ] 1 1
k
1
: S 2
g ( ' 2
o S 2 2 )
ky 2
4 4 4 4 2 3 3
2 2 D ¥
3 4
A B :
ey - i :
: 2
& 4A¥Fyi =9 .
(a)

1234




Luigi Nardi - Imperial College London

Joint design-space exploration (DSE)

Samples New samples
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DSE on algorithmic parameters Error/
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Runtime
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DSE on algorithmic parameters Power/Runtime
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Predominant algorithmic features

Volume resolution < 96
YES NO

Image ratio < 3 Image ratio > 6

/ \ / Volu\m‘e resolution < 192
ot N N
B X X [

@Accurate (Max ATE < 5cm) OR OR -~

@ Fast (Speed > 20 FPS) X X C
+

,(5’& Power efficient (consumption < 3W) /(5’&
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Multi-objective DSE conclusions

- Multi-objective “performance” optimisation: runtime/energy/accuracy

- Auto-tuning tool to pick interesting points
- KinectkFusion real-time on a popular embedded device

- Enabling auto-tuning at the domain-specific language (DSL) level

Future work

- Joint design-space exploration

- Reconstruction accuracy metric

14



Luigi Nardi - Imperial College London

References |

. [Nardi et al. 2015] L. Nardi, B. Bodin, M. Z. Zia, J. Mawer, A. Nisbet, P. H. J. Kelly, A. J. Davison, M.
Lujan, M. F. P. O'Boyle, G. Riley, N. Topham, and S. Furber. "Introducing SLAMBench, a performance
and accuracy benchmarking methodology for SLAM." Submitted, arXiv:1410.2167, 2015.

. [Newcombe et al. ICCV 2011] R. A. Newcombe, S. J. Lovegrove and A. J. Davison. "DTAM: Dense
tracking and mapping in real-time." Computer Vision (ICCV), 2011 IEEE International Conference on.
IEEE, 2011.

. [Rusinkiewicz and Levoy 2001] S. Rusinkiewicz, and M. Levoy. "Efficient variants of the ICP algorithm." 3-
D Digital Imaging and Modeling, 2001. Proceedings. Third International Conference on. IEEE, 2001.

. [Chen et al. 2013] J. Chen, D. Bautembach, and S. I1zadi, Scalable real-time volumetric surface
reconstruction, in ACM Trans. Graph., 2013.

. [Newcombe et al. ISMAR 2011] R. A. Newcombe, S. |zadi, O. Hilliges, D. Molyneaux, D. Kim, A. J.
Davison, P. Kohi, J. Shotton, S. Hodges, and A. Fitzgibbon. "KinectFusion: Real-time dense surface
mapping and tracking." 10th IEEE Int. Symp. on Mixed and augmented reality (ISMAR), 2011.

. [Handa et al. 2014] A. Handa, T. Whelan, J. McDonald, and A. J. Davison. A Benchmark for RGB-D
Visual Odometry, 3D Reconstruction and SLAM. IEEE Int. Conf. on Robotics and Automation, ICRA 2014.
. [Reitmayr] G. Reitmayr. KFusion github 2011. https://github.com/GerhardR/kfusion

. [Curless and Levoy 1996] B. Curless and M. Levoy. A volumetric method for building complex models
from range images. In Proc. Computer graphics and interactive technique. ACM, 1996.

. [Whelan et al. 2012] T. Whelan, M. Kaess, M. Fallon,H. Johannsson, J. Leonard, and J. McDonald.
Kintinuous: Spatially extended kinectfusion. 2012.

15



https://github.com/GerhardR/kfusion

Luigi Nardi - Imperial College London

References ||

[Ogilvie 2014] Ogilvie, William, et al. "Fast automatic heuristic construction using
active learning." Proceedings of the Workshop on Languages and Compilers for
Parallel Computing (LCPC’14). 2014.

[Siegmund 2015] Siegmund Norbert et al. "Performance-influence models for highly
configurable systems”, submitted FSE 2015.

|Guo 2013] Guo, Jianmei, et al. "Variability-aware performance prediction: A
statistical learning approach." Automated Software Engineering (ASE), 2013 |IEEE/
ACM 28th International Conference on. [EEE, 2013.

[Grewe 2011] Grewe, Dominik et al. "A static task partitioning approach for
heterogeneous systems using OpenCL." Compiler Construction. Springer Berlin
Heidelberg, 2011.

[Kurek 2013] Kurek, Maciej, Tianchi Liu, and Wayne Luk. "MULTI-OBJECTIVE SELF-
OPTIMIZATION OF RECONFIGURABLE DESIGNS WITH MACHINE LEARNING."
2nd Workshop on Self-Awareness in Reconfigurable Computing Systems
(SRCS’13). 2013.

[Balaprakash 2013] Balaprakash, Prasanna, Robert B. Gramacy, and Stefan M.
Wild. "Active-learning-based surrogate models for empirical performance tuning.”
Cluster Computing (CLUSTER), 2013 IEEE International Conference on. IEEE, 2013.

16



Luigi Nardi - Imperial College London

Copyrights

Author: unknown. Microsoft Kinect camera. [Image]. Retrieved from http://channel9.msdn.com/Series/KinectSDKQuickstarts/
Understanding-Kinect-Hardware

Author: Dyson Ltd. Dyson 360 Eye. [Video]. Retrieved from https://www.youtube.com/watch?v=0adhulCDAjk

Author: Google Inc. Google Tango project. [Image]. Retrieved from http://blogthinkbig.com/en/project-tango-googles-mobile-kinect/

Author: unknown. Audi autonomous car. [Photograph]. Retrieved from http://www.wired.com/2010/06/audis-robotic-car-looks-hot-in-
old-school-livery/

Author: ExtremeTech. Google Shaft robot. [Photograph]. Retrieved from http://www.extremetech.com/extreme/173318-google-wins-
darpas-robotics-challenge-wonders-if-it-was-a-good-idea-to-turn-down-future-military-contracts

Author: HardKernel. ODROID-XU3 board. [Photograph]. Retrieved from http://www.hardkernel.com/main/products/prdt_info.php?
g_code=G135235611947

Author: PC Specialist Ltd. Vortex series laptop. [Photograph]. Retrieved from https://www.pcspecialist.co.uk/forums/
showthread.php?23366-My-new-beast-15-6-quot-Vortex-Il|

Author: Arndale.org. Arndale board. [Photograph]. Retrieved from http://www.arndaleboard.org/wiki/index.php/Main_Page

Author: Unknown. Chip. [Image]. Retrieved from https://cajalesygalileos.wordpress.com/2013/06/23/un-chip-ultrasensible-
identifica-15-cepas-de-gripe/

Author: Unknown. Eye. [Image]. Retrieved from http://gallery.digitalculture.asu.edu/?/interactive-environments/computer-vision/

Author: Unknown. Compiler. [Image]. Retrieved from http://d3g6gg2zt8nhwv.cloudfront.net/107/large-icon.png




