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¢ Source Code (GitHub)
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https://github.com/cggos/slamkit
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CHAPTER 1

Study Notes

Simultaneous localization and mapping (Wikipedia)
SLAM Blog (CSDN)
SLAM Blog (CGABC)

SLAM Notes (LaTeX on Overleaf)



https://en.wikipedia.org/wiki/Simultaneous_localization_and_mapping
https://blog.csdn.net/u011178262/article/category/7456224/
https://cgabc.xyz/categories/SLAM/
https://www.overleaf.com/read/drmrxvnphrck/
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CHAPTER 2

SLAM Basis

Mathematics & Scientific Computing
— https://sci.cgabc.xyz/
Kinematics and Dynamics
Computer Vision
- https://cv.cgabe.xyz/
State Estimation
— https://est.cgabc.xyz/
Multi-Sensor Fusion
— https://msf.cgabc.xyz/
Robotics

— https://robot.cgabc.xyz/



https://sci.cgabc.xyz/
https://cv.cgabc.xyz/
https://est.cgabc.xyz/
https://msf.cgabc.xyz/
https://robot.cgabc.xyz/
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CHAPTER 3

Localization & Mapping

SLAM Frameworks
SLAM Odometry
— Visual Odometry/Visual Inertial Odometry
— Laser Odometry
— Wheel Odometry
SLAM Loop Closure
— Visual Vocabulary

SLAM Mapping
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cHAPTER 4

SLAM Benchmark

e SLAM Benchmark

¢ SLLAM Dataset

¢ SLAM Simulation
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CHAPTER B

SLAM Applications

¢ AR (6 DoF)
¢ Drone (= 4 DoF)

¢ Ground Mobile Robot (3 DoF)
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CHAPTER O

SLAM QA

» Experience of Running SLAM
* Engineering Tricks

¢ Challenge

6.1 SLAM Frameworks

6.1.1 SLAM Frameworks Overview

[TOC]

Filter-SLAM

EKF-SLAM

¢ The Extended Kalman Filter - SLAM

EKF Slam Example
* EKF-SLAM-on-Manifold

* damarquezg/SLAMTB: EKF-SLAM TOOLBOX FOR MATLAB
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https://www.doc.ic.ac.uk/~ns5517/topicsWebsite/EKF-SLAM.html
https://www.mathworks.com/matlabcentral/fileexchange/39992-ekf-slam-example
https://github.com/RomaTeng/EKF-SLAM-on-Manifold
https://github.com/damarquezg/SLAMTB
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MonoSLAM

¢ cggos/SceneLib2
— MonoSLAM open-source library

— an open-source C++ library for SLAM originally designed and implemented by Andrew Davison and col-

leagues at the University of Oxford
* MATLAB Implementation of MonoSLAM
* EKF based Monocular SLAM

* Mono-Slam Implementation in ROS

EKFmonocularSLAM

¢ EKFmonocularSLAM

* 1-Point RANSAC Inverse Depth EKF Monocular SLAM

VvSLAM

e Monocular SLAM
* MONo_vo

* FOVIS: a visual odometry library that estimates the 3D motion of a camera using a source of depth information

for each pixel.
— Paper: Visual Odometry and Mapping for Autonomous Flight Using an RGB-D Camera
— libfovis
— fovis_ros: mono_depth_odometer and stereo_odometer

* SOFT

Feature-based Method

* cggos/ptam_cg

e cggos/orbslam?2_cg
* cggos/viso2_cg

* cggos/rgbdslam?2_cg

 rubengooj/pl-slam: an algorithm to compute stereo visual SLAM by using both point and line segment features
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https://github.com/cggos/SceneLib2
http://perso.ensta-paristech.fr/~filliat/Courses/2011_projets_C10-2/BRUNEAU_DUBRAY_MURGUET/monoSLAM_bruneau_dubray_murguet_en.html
http://vision.ia.ac.cn/Students/gzp/monocularslam.html
https://github.com/rrg-polito/mono-slam
https://openslam-org.github.io/ekfmonoslam.html
http://webdiis.unizar.es/~jcivera/code/1p-ransac-ekf-monoslam.html
https://www.doc.ic.ac.uk/~ab9515/index.html
https://github.com/cggos/slam_cg/tree/master/mono_vo
https://fovis.github.io/
http://wiki.ros.org/fovis_ros
https://github.com/cggos/ptam_cg
https://github.com/cggos/orbslam2_cg
https://github.com/cggos/viso2_cg
https://github.com/cggos/rgbdslam2_cg
https://github.com/rubengooj/pl-slam
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e UcoSLAM is a library for SLAM using keypoints that able to operate with monocular cameras, stereo cameras,

rgbd cameras

Semi-Direct Method

* cggos/svo_cg: a Semi-direct Monocular Visual Odometry pipeline

* HeYijia/svo_edgelet: A more robust SVO with edgelet feature

Direct Method

» DSO

e cggos/lsd_slam_cg

VI-SLAM/VIO

* cggos/okvis_cg
* cggos/vins_mono_cg
* cggos/vins_fusion_cg
e cggos/msckf_cg

e cggos/rovio_cg: Robust Visual Inertial Odometry

Laser SLAM

e rplidar_ros (branch s1am)
¢ hector_slam
* openslam_gmapping
* slam_gmapping
Example Run:

e i ;7 hector_slam # K], & fT roslaunch rplidar_ros view_slam.launch, Z{E W F

6.1. SLAM Frameworks 15


http://www.uco.es/investiga/grupos/ava/node/62
https://github.com/cggos/svo_cg
https://github.com/HeYijia/svo_edgelet
https://github.com/cggos/lsd_slam_cg
https://github.com/cggos/okvis_cg
https://github.com/cggos/vins_mono_cg
https://github.com/cggos/vins_fusion_cg
https://github.com/cggos/msckf_cg
https://github.com/cggos/rovio_cg
https://github.com/robopeak/rplidar_ros.git
https://github.com/tu-darmstadt-ros-pkg/hector_slam.git
https://github.com/OpenSLAM-org/openslam_gmapping.git
https://github.com/ros-perception/slam_gmapping.git
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6.2 SLAM Odometry

6.2.1 Visual Odometry

[TOC]

Visual Tracking

Optical Flow

« LK

Pose Estimation

2D-2D: Epipolar Geometry
¢ Fundamental Matrix

¢ Essential Matrix

* Homography Matrix
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3D-3D: ICP

* SVD
o ARt

3D-2D: PnP

The Perspective-n-Point (PnP) pose problem is the problem of estimating the relative pose —3D position and orientation
—between a calibrated perspective camera and a 3D object (or between the camera and the entire 3D scene) from a set
of n visible 3D points with known (X,Y,Z) object (or scene) coordinates and their 2D projections with known (u,v) pixel

coordinates.

The PnP problem is relevant in 3D object tracking and camera localization / tracking and is often used for example in
Structure-from-Motion (SfM), Visual Odometry (VO), Simultaneous Localization and Mapping (SLAM) and image-

based localization pipelines.
* Perspective-n-Point (Wikipedia)
e Code
— midjji/pnp: A RANSAC and BA based pnp wrapper for the Lambdatwist p3p solver

— ydsf16/PnP_Solver: Personal implementations of solvers for PnP problem, including DLT and EPnP

Solver

 DLT

* P3P

e EPnP

e UPnP

» Motion Only BA (FE£k{4:14k)
RANSAC

Direct Method VO

6.3 SLAM Loop Closure

6.3.1 Visual Vocabulary

* Simple bag-of-words loop closure for visual SLAM

6.3. SLAM Loop Closure 17


https://en.wikipedia.org/wiki/Perspective-n-Point
https://github.com/midjji/pnp
https://github.com/ydsf16/PnP_Solver
https://nicolovaligi.com/bag-of-words-loop-closure-visual-slam.html
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[TOC]

DBoW
¢ dorian3d/DBoW: an open source C++ library for indexing and converting images into a bag-of-word representation
(Note: out of date)
¢ dorian3d/DBoW?2: an improved version of the DBow library

 rmsalinas/DBow3: an improved version of the DBow? library

git clone https://github.com/rmsalinas/DBow3.git
cd DBow3
mkdir build & cd build

cmake .. & make

DLoopDetector

¢ dorian3d/DLoopDetector is an open source C++ library to detect loops in a sequence of images collected by a

mobile robot

FBOW

o rmsalinas/fbow: FBOW (Fast Bag of Words) is an extremmely optimized version of the DBow2/DBow3 libraries.

FAB-MAP

* FAB-MAP is a system for appearance-based navigation or place recognition
* arrenglover/openfabmap: Open-source C++ code for the FAB-MAP visual place recognition algorithm

¢ OpenFABMAP (OpenCV) is an open and modifiable code-source which implements the Fast Appearance-based
Mapping algorithm (FAB-MAP) developed by Mark Cummins and Paul Newman

Visual Vocabulary Example

* ORBvoc.txt.tar.gz

# location: https://github.com/raulmur/ORB_SLAM2/blob/master/Vocabulary/
wget https://raw.githubusercontent.com/raulmur/ORB_SLAM2/master/Vocabulary/ORBvoc.
—txt.tar.gz

18 Chapter 6. SLAM QA


https://github.com/dorian3d/DBow
https://github.com/dorian3d/DBoW2
https://github.com/rmsalinas/DBow3
https://github.com/dorian3d/DLoopDetector
https://github.com/rmsalinas/fbow
http://www.robots.ox.ac.uk/~mjc/Software.htm
https://github.com/arrenglover/openfabmap
https://docs.opencv.org/2.4/modules/contrib/doc/openfabmap.html
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6.4 SLAM Mapping

* Axis Maps

* Map representations

[TOC]

6.4.1 Metric Map

Grid Map
e ANYbotics/grid_map: Universal grid map library for mobile robotic mapping

o HiEMHSHLIE  (Occupancy Grid Map)

2D Occupancy Grid Map

e costmap_2d (ROS Wiki): provides an implementation of a 2D costmap that takes in sensor data from the world,
builds a 2D or 3D occupancy grid of the data (depending on whether a voxel based implementation is used), and

inflates costs in a 2D costmap based on the occupancy grid and a user specified inflation radius

3D Occupancy Grid Map

¢ OctoMap: An Efficient Probabilistic 3D Mapping Framework Based on Octrees, implements a 3D occupancy grid

mapping approach, providing data structures and mapping algorithms in C++ particularly suited for robotics
* ANYbotics/elevation_mapping: Robot-centric elevation mapping for rough terrain navigation

e ethz-asl/volumetric_mapping: 3D volumetric (occupancy) maps, providing a generic interface for disparity map

and pointcloud insertion, and support for custom sensor error models

6.4.2 Topological Map
6.4.3 Semantic Map

6.4.4 Map Viewers

e Octomap: octovis octomap.bt

e PCD: pcl_viewer map.pcd

6.4. SLAM Mapping 19


https://www.axismaps.com/
http://theory.stanford.edu/~amitp/GameProgramming/MapRepresentations.html
https://github.com/ANYbotics/grid_map
https://zhuanlan.zhihu.com/p/21738718
http://wiki.ros.org/costmap_2d
https://octomap.github.io/
https://github.com/ANYbotics/elevation_mapping
https://github.com/ethz-asl/volumetric_mapping
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6.5 SLAM Benchmark

6.5.1 EVO

evo: Python package for the evaluation of odometry and SLAM
1. get the ground truth file, e.g. EuRoC data.csv
2. convert it to TUM format data.tum: evo_traj euroc data.csv ——-save_as_tum
3. evaluate evo_ape tum data.tum pose_out.tum --align --plot

4. or directly evo_ape euroc data.csv pose_out.tum --align —--plot

6.5.2 rgbd-dataset tools

Useful tools for the RGB-D benchmark (TUM)
1. get the ground truth file, e.g. EuRoC data.csv
2. convert it to TUM format data.tum, we can use evo

3. evaluate: . /evaluate_ate.py data.tum pose_out.tum —--plot result --verbose

6.5.3 rpg_trajectory_evaluation

* https://github.com/uzh-rpg/rpg_trajectory_evaluation

* https://github.com/rpng/open_vins/tree/master/ov_eval

6.6 SLAM Dataset

dataset collections for cv, slam and robotics, also include some tools and code, etc.

[TOC]
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https://michaelgrupp.github.io/evo/
https://vision.in.tum.de/data/datasets/rgbd-dataset/tools
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6.6.1 TUM

e TUM Data

6.6.2 KITTI

¢ KITTI Vision Benchmark Suite

6.6.3 ETHZ ASL

e ETHZ ASL Datasets
¢ The EuRoC MAYV Visual Inertial Datasets
— Machine Hall 01

— Machine Hall 03

6.6.4 UZH RPG

¢ UZH RPG Datasets

¢ The Event-Camera Dataset and Simulator: Event-based Data for Pose Estimation, Visual Odometry, and SLAM

6.6.5 PennCOSYVIO

¢ PennCOSY VIO Dataset

6.6.6 Others

Stereo Dataset

 Karlsruhe Dataset: Stereo Video Sequences + rough GPS Poses

* Middlebury Stereo Data

6.6. SLAM Dataset 21


https://vision.in.tum.de/data
http://www.cvlibs.net/datasets/kitti/
https://projects.asl.ethz.ch/datasets/
https://projects.asl.ethz.ch/datasets/doku.php?id=kmavvisualinertialdatasets
http://rpg.ifi.uzh.ch/software_datasets.html
http://rpg.ifi.uzh.ch/davis_data.html
https://daniilidis-group.github.io/penncosyvio/
http://www.cvlibs.net/datasets/karlsruhe_sequences/
http://vision.middlebury.edu/stereo/data/
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Laser Dataset

» LaFiDa - A Laserscanner Multi-Fisheye Camera Dataset

* Oxford New College Vision and Laser Data Set

Event Camera Dataset

e Multi Vehicle Stereo Event Camera Dataset

6.7 SLAM Simulation

6.7.1 VIO Simulator

o BB SREPUETIRR, SR—Br AR R, SR SRR
— HeYijia/vio_data_simulation: Generate imu data and feature in camera frame
* JHp% 2 A7 pose Pk, AHLET AR, FIM B-Spline 4 IMU %ifls
— from OpenVINS (On manifold SE3 B-Spline)
* https://github.com/rpng/open_vins/tree/master/ov_msckf/src/sim

* https://github.com/Edwinem/VI-Simulator

6.8 Experience of Running SLAM

6.8.1 HKUST VINS

o HEEATRIK, R EEA WA
- VIR ERE R
— cam Al imu {FhZ A KT

» VINS-Mono F{] VINS-Fusion #* cam F imu f}#}2:>4 from camera frame to imu frame, ~NZE 5y
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http://www.ipf.kit.edu/lafida.php
http://www.robots.ox.ac.uk/NewCollegeData/
https://daniilidis-group.github.io/mvsec/
https://github.com/HeYijia/vio_data_simulation

SLAM Kit, Z1ThR4 1.0.1

VINS-Mono

s SRR A, BAEFERATUSHEMT 8 ik (NEH Suunto J§i 2 £ H#E 45 ¥ # 1 F35)

VINS-Fusion

. HSHIIR

o VINS-Fusion HJfifi JF JJFE LR A 411530 estimate_extrinsic: 1, XNV [# cam Fl imu [# 42
body_T_cam0 fil body_T_caml i HEL AW IFMRIGESE, B0 (FLansaiis:) 45 %

6.8. Experience of Running SLAM 23
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