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* What is SLAM?

* Applications of SLAM

* How it works

* Feature Detection Explained
* Combining different sensors

* Improving SLAM with Al?
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What is SLAM VISITN
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*  What is SLAM short for?
* Simultaneous Localization And Mapping
¢ VSLAM => Visual SLAM

*  One definition of SLAM?

* “A method used for autonomous vehicles that lets you build a map and localize your vehicle

in that map at the same time.” x x

* Insimple terms:

* Understand your (camera) 2D or 3D position in an environment and build a map of that /Q
environment

* SLAM is computationally complex
* Previously implemented on “racks of server CPUs”
* Darpa Grand Challenge, Darpa Urban Challenge

* Consumer/desktop CPU have caught up in performance

* Single core CPU implementations capable of real-time implementation around 2010
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Typical Applications and Market Segments
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Underwater

Robotics

Drones

Space

embedded w
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Any application that needs a 2D or 3D map of the environment
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- How Does SLAM Work?
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Graph Optimization

Bundle Adjustment
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Various Options for Sensing
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Camera
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Radar

-/

LiDAR
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IMU
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Feature Detection and Keypoint Matching VISI?N

SUMMIT

What is this?

What does it mean?

What are all those lines?

Let’s take a look at an example
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Step by Step: Feature Detection and Keypoint Matching  {ISI7N
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Other Commonly Used Terms wsmn
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™~ . Estimated pose
;v loop closure correction

' Real pose

TRIANGULATION
BUNDLE ADJUSTMENT
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00:01:16.960 —
(2x speed)
Map
final res/fdual st A6 Tiajectory 2
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Putting it all together (2)

Large-Scale Direct SLAM for
Omnidirectional Cameras

David Caruso, Jakob Engel, Daniel Cremers
IROS 2015, Hamburg

Computer Vision Group
Technical University Munich

Céd en ce® https://www.youtube.com/watch?app=desktop&v=vONgMm7Q6S8
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https://www.youtube.com/watch?app=desktop&v=v0NqMm7Q6S8
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Combining Sensors to Make VSLA

3
- Camera

= mMu

CAMERA 1 CAMERA 2

= =% MU Measurements

= = P Visual Measurements

* Features

2 or more Cameras Camera + IMU
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Use case of Camera + IMU VISIIIN
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90Hz
X HMD
1
1KHz pitch
MU HERIRNRRNENERNEN ...m
. roll "
1KHz ‘ ‘ |
poseEst. [ | [ [[ | [[[[[[]][]] »
> Re-Projection Pre-Distortion

Camera FPS between 90-120Hz
IMU FPS over 1KHz

IMU can help track “micro-movements”

Pose estimation at 1KHz (or higher)
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Other Commonly Used Terms
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To be Real-time or Not to be? VISI'N
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Feature Detection

Graph Optimization a

‘ Bundle Adjustment

- s -
y
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Can we make trade-offs?

Gaming / XR

V4
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Vacuum Cleaner

V4

v

Very demanding specs:
120FPS, 6DoF, ATW, 4K, 3D Graphics, Ray tracing

Mostly real-time:
$1200+ (equipment only), PC $ extra

v

Moderate specs:
5-10FPS, no ATW and 3D graphics
3DoF (X-Y Translation & Rotation)

Lots of offline processing:
Approx. $400
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Improving SLAM with Al?

Depth Prediction

Depth estimation and triangulation
Single camera-based depth estimation
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Points t+1

Frame t+1

Improved feature detection
CNN based approaches replacing SIFT, SURF
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* Introduction to SLAM

* High level flow and different sensor options
 Example of Feature Detection and Keypoint matching
* Example of combining various sensors

* Trade offs for different applications

 Sufficient knowledge to understand mechanics of SLAM
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Resources VISIN
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What Is SLAM? 2024 Embedded Vision Summit
Location in the Visual World

e Cadence Booth
#518 Exhibition Hall

CMU Tartan Racing Wins DARPA Urban Challenge

A vision system based real-time SLAM applications

Motor Controllers for Autonomous Mobile Robots

5 Ways XR Consulting Can Help Your Business

Monocular SLAM

All-Environment 360 Perception

Design and implementation the stability and direction
of hexapod robot motion

Velodyne Lidar

4D Imaging Radar Overview
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https://www.mathworks.com/discovery/slam.html
https://worldbuilder.substack.com/p/location-in-the-visual-world
https://paulstamatiou.com/cmu-tartan-racing-wins-darpa-urban-challenge/
https://theses.hal.science/tel-02398765/file/71961_NGUYEN_2018_archivage.pdf
https://www.a-m-c.com/motor-controllers-for-autonomous-mobile-robots/
https://altethos.com/ways-xr-consulting-can-help-your-business/
http://vision.ia.ac.cn/Students/gzp/monocularslam.html
https://arberobotics.com/perception/
https://www.researchgate.net/publication/364227003_Design_and_implementation_the_stability_and_direction_of_hexapod_robot_motion?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://velodynelidar.com/
https://www.renesas.com/us/en/video/4d-imaging-radar-overview

Resources (2)

DFM: A Performance Baseline for Deep Feature
Matching

FastORB-SLAM: Fast ORB-SLAM method with Coarse-
to-Fine Descriptor Independent Keypoint Matching

Computer Vision: Algorithms and Applications by
Richard Szeliski

Homography Transform — Image Processing

Indoor visual SLAM dataset with various acquisition
modalities

How Does Triangulation in Photogrammetry Work?

What's the relationship between "data association"
and "loop closure" in SLAM?

Stereo Vision for 3D Machine Vision Applications

3D World = 6 Degrees of Freedom
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Visual—inertial state estimation with camera and
camera—IMU calibration

Async Time Warp

A Beginner’s Guide To Virtual Reality

Inside-out versus Outside-in tracking for HMDs (Acer,

2019)

Vehicle Positioning in the Absence of GNSS Signals:
Potential of Visual-Inertial Odometry

Popular VR Party Games That Get Competitive

Benefits of Having a Robot Vacuum For Your Home

Magic Leap Researchers Reveal “Deep SLAM” Tracking
Algorithm

Monocular depth estimation

© 2024 Cadence Design System
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https://github.com/ufukefe/DFM
https://arxiv.org/abs/2008.09870
https://mattmaulion.medium.com/homography-transform-image-processing-eddbcb8e4ff7
https://www.data-in-brief.com/article/S2352-3409%2821%2900777-0/fulltext
https://graphicdesignjunction.com/2019/09/how-does-triangulation-in-photogrammetry-work/
https://blog.muhammadasem.com/2021/09/whats-relationship-between-data.html
https://www.clearview-imaging.com/en/blog/stereo-vision-for-3d-machine-vision-applications
https://steamcommunity.com/sharedfiles/filedetails/?id=1722607938
https://www.sciencedirect.com/science/article/abs/pii/S0921889019300466
https://www.zdnet.com/article/arm-unveils-mali-d77-display-processor-aimed-at-vr-head-mounted-displays/
https://futurus.com/virtual-reality/a-beginners-guide-to-virtual-reality/
https://www.researchgate.net/figure/Inside-out-versus-Outside-in-tracking-for-HMDs-Acer-2019_fig26_349734845
https://ieeexplore.ieee.org/document/7924574
https://blog.vive.com/us/popular-vr-party-games-that-get-competitive-fun-with-friends-part-3/
https://www.tp-link.com/my/blog/1221/benefits-of-having-a-robot-vacuum-for-your-home/
https://www.roadtovr.com/magic-leap-researchers-reveal-deep-slam-tracking-algorithm/
https://keras.io/examples/vision/depth_estimation/

