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LiDARIZ & A SLAM (Simultaneous Localization and Mapping)
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Build a Map with Lidar Odometry and
Mapping (LOAM) Using Unreal Engine

Simulation
Lidar Toolbox™

Automated Driving Toolbox ™

2019



https://www.mathworks.com/help/lidar/ug/build-map-with-loam-using-unreal-engine.html
https://www.mathworks.com/help/lidar/ug/build-map-with-loam-using-unreal-engine.html
https://www.mathworks.com/help/lidar/ug/build-map-with-loam-using-unreal-engine.html
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Visual SLAM / B L EHE

HAR A X 7 Visual SLAM Ax vy FUT
(ORB-SLAM) ; g (3D Lidar& BT — R)

Develop Visual SLAM Design Lidar SLAM Algorithm using

Autormnated Driving Toolbox™ Algorithm Using Unreal 3D Simulation Environment
Cltjomiteer Virs“i/cl)r;gTo(;(l)bo(:()T(M Engine Simulation Automated Driving Toolbox™
Navigation Toolbox™ Auz‘omaz‘.ed [?nwng Toolbox™ Compu.ter Vision Toolbox™
5 Navigation Toolbox™ Navigation Toolbox™
2020 | Computer Vision Toolbox™ | 2020

2021


https://www.mathworks.com/help/vision/examples/monocular-visual-simultaneous-localization-and-mapping.html
https://www.mathworks.com/help/releases/R2020b/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/driving/ug/develop-visual-slam-algorithm-using-unreal-engine-simulation.html
https://www.mathworks.com/help/driving/examples/design-lidar-slam-algorithm-using-3d-simulation-environment.html
https://www.mathworks.com/help/driving/examples/design-lidar-slam-algorithm-using-3d-simulation-environment.html
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https://www.mathworks.com/help/images/morphological-filtering.html
https://www.mathworks.com/help/lidar/ref/pc2dem.html?s_tid=doc_ta
https://www.mathworks.com/help/lidar/ref/pc2dem.html?s_tid=doc_ta
https://www.mathworks.com/help/lidar/ref/pc2dem.html?s_tid=doc_ta
https://www.mathworks.com/help/matlab/ref/scatteredinterpolant.html?s_tid=doc_ta
https://www.mathworks.com/help/images/ref/imopen.html?searchHighlight=imopen&s_tid=srchtitle_support_results_1_imopen
https://www.mathworks.com/help/images/ref/bwskel.html
https://www.mathworks.com/help/images/ref/bwskel.html
https://www.mathworks.com/help/images/ref/bwmorph.html?searchHighlight=branchpoints&s_tid=srchtitle_support_results_2_branchpoints#bui7adf-1-operation
https://www.mathworks.com/help/images/ref/bwmorph.html?searchHighlight=branchpoints&s_tid=srchtitle_support_results_2_branchpoints#bui7adf-1-operation
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HON PLOTS P! LIVE EDITOR INSERT VIEW
b [g Eeompre gy < Normal ¥ = & Refact/m' Section Break >
NesOnenl e s s R Text Code Control Task 2 B % g BHRunandAdvance o Step Stop
v - v mbpot v v  [{ Bookmark ¥ - > [ Section {2 Run to End
FILE NAVIGATE TEXT CODE SECTION RUN
CHEHAE » Z: » 24a » Offroad-Navigation-for-Autonomous-Haul-Trucks » R
Current Folder Gl Command Window =] Live Editor - Z:\24a\Offroad-Navig, A Haul-Trucks\ Mruck.mb * ® x
Name Gt Date Modified fx >> | <
5 Folder = ModelAndControlAutonomousHaulTruck.m...
® 53 .git 3/29/2024 432 PM + 2
@ " github 3/29/2024 2:57PM
@ = Build 3/26/2024 419 PM
@ "7 Helpers 3/29/2024 3:09 PM
@ 77 images 3/29/2024 3:09 PM
@ 7 resources 3/29/2024 2:57 PM
@ " ROSHelper 3/29/2024 3:09 PM
@ " SimModels 3/20/2024 433 PM
@ 7 tests 3/29/2024 2:57PM
=l Git Attributes Source File
o) gitattributes ®  3/20/204257PM
=l Git Ignore Source File
o gitignore ®  3/20/20243:09PM
=l Function
) projectshutdown.m @  3/20/20242:57PM
) projectstartupm @ 3/29/2024 3:09PM
5 MAT-file
[ OpenPitMinePart1D.. ®  3/29/2024 2:57 PM
[ OpenPitMinePart2D... ®  3/29/20242:57PM
= MD File
| CONTRBUTING.md @  3/29/2024 2:57 PM
| README.md ®  3/29/2004257PM
| SECURITY.md ®  3/20/20242:57PM
= Live Script
#5| CreateLocalPlanner... ® 3/29/2024 3:09 PM -
5] CreatePathFollowin... ®  3/29/20243:09PM
#5) CreateRoutePlanner... ® 3/29/2024 3:09 PM
] CreateTerrainAware.. ®  3/29/20243:09 PM TartainsAwars: Planners
5] ModelAndControlA... M 3/29/2024 433 PM The second example developed fuio planners which simply operate in the SE2-space and can be used to form short connections through free space while adhering to your vehicie’s non-holonomic consiraints. The first of which was the "OnrampPlanner’, which attempts to connect an SE2 start location to any edges
=l Project attached to the closest node in the route-planner
[5) AutonomousHaullr... ®  3/29/2024 2:57PM
-l Text Document
] licensetxt ®  3/29/2004257PM
i
Details A
Workspace ®
Name Value
[€]a Ix1 signedDistanceMap
{-H adjustedPath 0 I
[t ans off
arclengthinterval 1.6000
[©] binMap 1x1 binaryOccupancyMap
[:[] blockName ‘newGoalBlock
Il blockPath ‘IntegratedBehaviorModule/
@] collisionChecker 11 InflationCollisionChecker
t controlsize 2
|®] costMap 1x1 multiLayerMap -
€] Costweights Il Bus ’
Project - blank_project ® x

434PM
3/29/2024
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- Grid Surface : #FERED L 5 BlEDET Y > 7

»  Point Cloud - Spatial Contact Force : A—/N—MD X 4 ¥ & Bl{AF @A D
EaETY o

- Pure Pursuit : A—/N—®D /S X BHESE

. KinematicsSolver - Trapezoidal Velocity Profile Trajectory : @ —/NX—®D
T—LOBEEEREES T =7 L

- Joint Mode Configuration : T FT7 7 X&F 7227 FEADA X
70 avEETIVY

Simscape Multibody
Robotics System Toolbox
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https://www.mathworks.com/help/physmod/sm/ref/gridsurface.html
https://www.mathworks.com/help/physmod/sm/ref/pointcloud.html
https://www.mathworks.com/help/physmod/sm/ref/spatialcontactforce.html
https://www.mathworks.com/help/robotics/ref/purepursuit.html
https://www.mathworks.com/help/physmod/sm/ref/simscape.multibody.kinematicssolver.html
https://www.mathworks.com/help/robotics/ref/trapezoidalvelocityprofiletrajectory.html
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https://www.mathworks.com/matlabcentral/fileexchange/119268-excavator-design-with-simscape
https://ch.mathworks.com/matlabcentral/fileexchange/159126-wheel-loader-design-with-simscape
https://ch.mathworks.com/matlabcentral/fileexchange/134861-tracked-vehicle-model-with-simscape
https://ch.mathworks.com/matlabcentral/fileexchange/134861-tracked-vehicle-model-with-simscape
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https://jp.mathworks.com/matlabcentral/fileexchange/134861-tracked-vehicle-model-with-simscape
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https://www.mathworks.com/help/sl3d/referencelist.html?type=block&listtype=cat&category=sensors&blocktype=all&capability=&startrelease=&endrelease=
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Simulation 30 Scene Configuration

Scene Weather
Override scene weather

Sun altitude L% (deg):
-90.0 90.0

G I

Cloud opacity & (%):
0.0 100.0

Fog density 88 (%):
0.0 100.0

0 o |

Sun azimuth 115 (deg):
0.0 360.0

Cloud speed ©5 (%):
-100.0 100.0

0 SR

Rain density g (%):
0.0 100.0

a D :

Ll

4\ MathWorks'
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https://jp.mathworks.com/help/sl3d/sim3d.light.html?s_tid=doc_ta
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ROS Toolbox THHR— F SN TL 3 EHEHAE R2024a
ROS ROS 2

« Topic — Publish / Subscribe « Topic — Publish / Subscribe

* Service server, Service client * Service server, Service client

« Action — Client / Server « Action — Client/ Server 1220235
 Parameter — Get / Set  Parameter — Get / Set

« ROSTF  ROS2TF

e HRRERLAyt— e HRRLAyt—

* rosbag read, rosbagwriter * ros2bag read, ros2bagwriter

« C++ROS./ — R4 « C++R0OS2/ — FA&ERK

« CUDAROS./ — N4 « CUDAROS2/ — F4&RK

+  Topic — Publish / Subscribe » Topic — Publish / Subscribe

« Service — Call « Service — Call / Server R2024a

° Parameter — Get / Set * ACtion - C||ent R20240
« ROS Time « Parameter — Get

» rosbag playback / record * ROS2Time

. ROS/ — F4R (Local/Remote) | ° ros2bag playback /record
. CUDAROS. — F45g « ROS2./ — N4k (Local/Remote)

« CUDAROS2/ — F4RX

ROS . ROS Noetic + ROS2 Humble 22023

T74AMIE2—Ya Y -
4 ’ DDSE) Y #az H 4 — k 21
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Fridge | Offroad Autonomy Library*

HE7ILDY XLZHPIDY I 2L —3 3 OREREXOF|RE A 124t

Blocks

Simulation 3D Scene Configuration | Scene configuration for 3D simulation environment

Simulation 3D Physics Dump Truck | Dump truck physics model in 3D simulation environment (Since R2024a)
Simulation 3D Physics Backhoe Backhoe physics madel in 3D simulation environment (Since R2024b)
Simulation 3D Lidar Lidar sensor model in 3D simulation environment (Since R2024a)

Simulation 3D Camera Camera sensor model with lens in 3D simulation environment {(Since R2024a)

Scenes

Offroad Pit Mining Scene Offroad pit mining scene in Unreal Engine environment

Construction Site Scene Construction site scene in Unreal Engine environment

Topics

Install Robotics System Toolbox Offroad Autonomy Library Support Package
Use Add-On for designing, simulating, and validating algorithms for offroad heavy machinery.

Motion Planning for Backhoe Using RRT
Plan an obstacle-free path for a backhoe using RRT and simulate the motion in Simscape™ Multibody™  (Since
R2022b)

Simulate Earth Moving with
Autonomous Excavator in
Construction Site

Simulate ground excavation to create
a depression and move spoil to
dump truck and further relocate it to
another site.

Since R2024b Open Live Script

Survey Pit Mining Site with
RTK GPS and Point Clouds

Generate a digital elevation model
(DEM) of a site using real-time
kinematic (RTK) GPS and aerial lidar
data.

Since R2024b Open Live Script

&\ MathWorks

R2024b

Offroad Navigation for
Autonomous Haul Trucks in
Open Pit Mine

Series shows how to create a set of
planners to enable autonomous ha..
(Navigation Toolbox)

Since R2024a

Extract Scene From Lidar Data
Create map of environment using
point cloud data from lidar sensors
mounted on an excavator.

Since R2024b Open Live Script

Simulate Construction
Vehicles in Unreal Engine for
Material Handling

Set up a simulation in which backhoe
loads construction bricks into a dump
truck in an Unreal Engine
construction site scene.

Since R2024b Open Live Script

Plan Collision-Free Path for
Excavator Arm in MATLAB
With Lidar Data

Plan path for excavator arm in
environment generated from lidar
data.

Since R2024b Open Live Script

*Robotics System Toolbox® 77 K7~



BEEY — IRy 7 ADITEAN (1/2)

1) EFRER

MATLAB

Simulink

Stateflow

Robotics System Toolbox
ROS Toolbox

UAV Toolbox

Automated Driving Toolbox

2TOEKBIE F/_ALaVyEa—T4 v JBE

Il —YavEETIR—IATH AV OEKRIBIE

AT— b roEL0FHEOY Yy DR EFELOYIaL—va Yy
B2l —%— ENAARyY b, @IFY—ETILTY XL
ROS:E# 1 aE

E\EAMMZEERAFED-ODY —ILE 7L X L

BEEERS X T LDRETE TR b

2)+E—vavrSsv=yvs (ACUEHE. vy b vy, HEstE)

Navigation Toolbox

Sensor Fusion and Tracking Toolbox

3) +BEERE. HIfH

Control System Toolbox

System ldentification Toolbox
Simulink Control Design

Motor Control Blockset

Simulink Design Optimization
Model Predictive Control Toolbox
Optimization Toolbox
Reinforcement Learning Toolbox

HES LOETRIT 7T XL, @By —IL
TILFE Y —D Sy F TS FES - g DHRHFEIAL—V Y

HlE > R T L DERETS & O

759 0RyIRETY VY (VRTLRAE) . JL—RyIRETFTY VY
Simulink BRIE £ THIEH S X T L Z 5%5T. BT
E—R—4lfET7ILTY X LDFE L ERE

Simulink EFI/)L/85 X —4& @T’EIE & ik

ETFAFRHEOKREFTE T aL—a Y

BENS L ORKREARECEEDRER

BIEFBTNIT)XLICED R Y —2FEBT 5700 70y 7 2R
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4) +ERINIE, WEFEE

Image Processing Toolbox

Computer Vision Toolbox

Statistics and Machine Learning Toolbox
Deep Learning Toolbox

Parallel Computing Toolbox

Lidar Toolbox

Image Acquisition Toolbox

5) +3F¥M 77 FETY VS (ARICEHET)
Simscape

Simscape Multibody

Simscape Electrical

Aerospace Toolbox

Aerospace Blockset

6) +3— F&ERK., &, TXFb
MATLAB Coder

Simulink Coder

Embedded Coder

GPU Coder

Simulink Real-Time

DDS Blockset

RoadRunner

(2/2)

BERALIE, AT, RIRME. 7T Y X LR

BEALIE, BRI R T LDHRF LUV I ab—va v
MR EMEE 07TV X LR
TA—TZa—FNLFxy b )—0DFFBLPIaL—v 3>
vIAFAT7. GPUB LY 21—%27 5 RRX ETOMFNIBDEST
Lidar SE$ALIE D 7L IV X L BIFIEEE

EREEDN— K7z T7h b, FRIEEGRS L VEEGZ IS

RLFRAA VB ZTLAOET) VY /ELPYIalb—vay
BRIEANZHANVRATLDET YUY THELUP Tab—2aY
BREK. T—%, BABOETY /8Ly Ialb—vayv
fRZe - FH, BEETALABLOZAFITRNRTA—EDA VR—F
Mz - FEHEDETY v /&y Ial—vayv

MATLAB 22— FA» 5D C a—F& C++ a— FO4ERK

Simulink 5L & Stateflow EFILASD C I— K& C++ a— FD4ERL

HAAY AT LRBICEE{LEN/ZCa—F& C++ O— FD4ER
NVIDIA GPUR] ¥ Cudaad— F D &R

RCPHELUHILY T 2L —> 3 v DEST

DDS7 7V —varvoikitér ialb—vayv

BENEBHE R TLDY I 2L -y eETA D00 3D ¥ — v %#5%E
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