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MATLAB EXIPC

Autonomous Robot Development with MATLAB & Simulink

Platform design tools for industrial
robots

Tools for autonomous industrial
robot applications

Deployment and hardware interface
with MATLAB and Simulink

Integrated workflows enabled
by MATLAB and Simulink
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Industry Trends — Advanced Robotics
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Factories are:
* Incorporating more advanced systems
« Taking advantage of new technology
» Increasing connectivity between components
Enhancing infrastructure to reach Industrial

Smart factories integrate autonomy and big data for
actionable insights

Connected, optimized, proactive, and
agile
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Smart Factory Concept: Asset, Operation, & Workforce Optimization
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Smart Factory Concept: Asset, Operation, & Workforce Optimization

DWhat we are talking about today
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MATLAB BEXIPPO

Robotics in Smart Factory: Trends and Directions

f@Co nventional

Automated Systems
Repetitive tasks
Manual programming
Safety fence needed
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Robotics in Smart Factory: Trends and Directions

Automated Syster

Repetitive tasks
Manual programmir
Safety fence neede

4\ MathWorks

Mitsubishi Heavy Industries Develops Robotic

Arm for Removing Nuclear Fuel Debris

Challenge

Design a multi-axis robot for removing molten fuel
debris from the Fukushima Daiichi nuclear power
station

Solution

Use MATLAB and Simulink to perform hardware
measurement tests and to model and simulate
individual robot axes and controllers

Results
= Development time halved
= Positioning accuracy requirement exceeded

= Shared platform for interorganizational
collaboration established

Link to user story

Rendering of Mitsubishi Heavy Industries’ seven-
meter-long robotic arm capable of withstanding up
to 2000 kg of processing reaction force

“Model-Based Design with MATLAB and Simulink supports a
wide range of options, from classic to modern control, which
made it possible to respond easily to any changes in design
constraints and to meet the demanding accuracy requirement
for this robot.”

- Tadashi Murata, Mitsubishi Heavy Industries
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Robotics in Smart Factory: Trends and Directions

Automated Systems = Flexible Automation
Repetitive tasks = Collaborative robots
Manual programming = Advanced algorithm

Safety fence needed = Safety
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Robotics in Smart Factory: Trends and Directions

Sample app overview

Block diagram (Simulink model)
explanation

Path State
planning control

1. Object detection
Position estimation

Pick and Place Controller

Simulation

2. Path planning

3. Speech
recognition

4. State machine : _ f
_ Object detection —
Position estimation Acquisition of
\ | sensor value

YASKAWA  ©2019 YASKAWA Electric Corporation 21

MATLAB EXPO 2019 in Japan
Customer Presentation



https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/products/robotics/implementation-of-verification-of-picking-system-for-industrial-robot-using-ros-and-matlab-yaskawa.pdf

MATLAB BEXIPPO

Robotics in Smart Factory: Trends and Directions

Conventional Current f@ Future

Automated Systems Flexible Automation =  Autonomous Systems
Repetitive tasks Collaborative robot = Task cooperation
Manual programming Advanced algorithm = Intelligence sharing
Safety fence needed Safety = Adapting to the environment

10
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Robotics in Smart Factory: Trends and Directions

| 4\ MathWorks:

German Aerospace Center (DLR) Robotics and Mechatronics Center
Develops Autonomous Humanoid Robot with Model-Based Design

Challenge < ‘//‘ggfé \

Develop control systems for a two-armed mobile \

humanoid robot with 53 degrees of freedom

Solution i[ ‘

Use Model-Based Design with MATLAB and . ir -

Simulink to model the controllers and plant, generate — ’

code for HIL testing and real-time operation, optimize DLR' humanoid robot Agile

trajectories, and automate sensor calibration Justin autonomously performing
a complex construction task.

Results

“Model-Based Design and automatic code generation enable us

" Programmmg defects eliminated to cope with the complexity of Agile Justin’s 53 degrees of

= Complex functionality implemented in hours freedom. Without Model-Based Design it would have been
= Advanced control development by students impossible to build the controllers for such a complex robotic
enabled system with hard real-time performance.”

- Berthold Bé&umi, DLR

Link to user story CONFIDENTIAL | 2

11



Challenges: Growing Complexity

Top System Engineering Challenges

Designs are MORE COMPLEX

51%

EARLY IDENTIFICATION
of system level problems

42%

Lack of CROSS-FUNCTIONAL
KNOWLEDGE

37%

PREDICTING SYSTEM
BEHAVIOR
before physical testing

32%

CHANGING REQUIREMENTS 26%

B % of all respondents

Design Complexity is the most commonly
challenge in the Aberdeen survey. Cited by 51%
in 2014, up from 27% in 2009

Source: Aberdeen Group, April 2014

MATLAB E:

Growth in software complexity more than doubles the growth in software-
development productivity.

Relative growth over time, for automotive features, indexed, 1= 2010

4
Software complexity

2.5-3.0x

Software-development productivity

McKinsey
& Company

Complexity for software features is
currently growing at double to triple the
speed of software-development
productivity

Source: McKinsey & Company, Feb 2020
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Autonomous Robot Development with MATLAB & Simulink
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Platform C/C++ Code
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Robot Model
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Development Environment

Autonomous Applications

Perception

|

@ Planning

ROS Node

</
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Autonomous Robot Development with MATLAB & Simulink

\
Platform h
Environment
Robot Model
: ))
73 73

Development Environment

£
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Physical & Kinematic Modeling

Creating a physical model
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Physical & Kinematic Modeling

Creating a physical model

#4 Backhoe_Actuators/Lift Actuatar - Simulink - o e

File Edit View Display Diagram Simulation Analysis Code Tools Help
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Physical & Kinematic Modeling

Creating a physical model

[ #4 Backhoe_Actuators/Lift Actuatar - Simulink - o e i
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7-DOF Manipulator w/Gripper - Mechanical Model
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Simscape Multibody, Robotics System Toolbox

Automatic import from CAD Tools
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MATLAB BEXIPPO

URDF / Robot Library

%% Import robot from URDF
smimport ((GEN3 FOR URDF ARM V11 MOD.urdf') ;

#4 GEN3_FOR_URDF_ARM_V11_MOD * - Simulink
SMULATION Depc MODELING FoRMA
O Open ~ =)

L . [ E] .
e ESE -, - T sep R Siep Data
v P v Browser o =
e uBRARY FRERASE

‘GEN3_FOR_URDF_A84 11 HOD

LY

@ |5 GEN3_FOR_UADF_ARM V11_MOD
& [k
8 e [ o] 4 MechancsErporer-G643_FOR URDH ARNLI11 10D o x
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%% Use robot library
Robot = loadrobot (‘abbYuMi’) ;
Show (robot) ;

File Eda View Insent Tooks Desktop Window Help

Dods @ 08 LE
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Robot Simulation
Simulate First and Simulate Often!

4 N )

Platform

Environment

Robot Model

Rigid Body
Kinematics &
Dynamics

Low-Fidelity
Model

Multibody Co-Sim with Co-Sim with
Modeling Gazebo Unreal
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. . . . ST Rigid Body . o P
Fast & Low-Fidelity Simulation S, o Cowme el

Simplified system model with a joint space motion model

r, £1
Task Scheduling & Trajectory Generation System Model
( L) i 7
inputTime state > P closeGripper  GripperStateReached —
l configSequence I—b configSequence closeGripper Gripper Model
robotConfig commandLogic t Time q = (o @ qOut Model And Control A
® 1 Manipulator Arm With
qd > »(_2 ) qdOut Robotics And Simscape
gripperStateReached wpts Waypoints n @ Execute a pick-and-place workflow
qdd ] qddout using an ABB YuMi robot, which
demonstrates how to design robot
algorithms in Simulink®, and then

Motion Models

Av - \4/\ state p Av | state P p, UYL — state [
! L rd ﬁfl—‘q

- - sl .
Jd/r stateDot [ b [ stateDot P Jdp, jdt stateDot P
Ackermann Kinematic Model Bicycle Kinematic Model Differential Drive Kinematic Model
Faf
Fdgidt = state [p o refpose (!,\,,T..| ¢ b Qe P
Iy ® ] ® (C A
- odp Haremot ; adp
Aw stateDot [ Y retvel » )

EE: tool qdd [ M aRefDDot qdd s
Unicycle Kinematic Model Task Space Mation Madel Joint Space Motion Model
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Rigid Body

Dynamic Simulation LRl i R

Manipulator dynamics model that accepts joint torques and gripper commands

Task Scheduling & Trajectory Generation Systerﬁ Model

( L} input'l'lme state Measured Configuration
Gripper Command qOut
- Measured Velocity » 2 )
\ configSequence I—b configSequence closeGripper Desired Configuration qdout
‘ q P Desired Joint Velocity Measured Acceleration » 3 )
g commandLogic qddOut
robotConf\g 9 t Time » Desired Joint AccelerationApplied Torgue Applied Joint Torques
qd Gripper Status
Measured Configuration
gripperStateReached wpts Waypoints qdd ) Measured Velocities Manipulator Dynamics
Torque Controller

Manipulator Motion

-

File Edit View Insert Tools Desktop Window Help

NSde @08 RE

@ = 4
Jointvel
18

Joint Torg 3
18

JontACC

FExt

Manipulator Forward Dynamics

Robotics System
Toolbox




Multibody Simulation

Low-Fidelity Eiir?(iedea?ig}sl
Model & Dynamics

Multibody
Modeling

Co-Sim with
Gazebo

MATLAB EX

Co-Sim with
Unreal

Physical dynamics system with built-in joint limits and contact modeling

Task Scheduling & Trajectory Generation

inputTime

I—b configSequence

commandLogic

O

\ configSequence

robotConfig

gripperStateReached

state

System Model

closeGripper

Desired Configuration

Desired Joint Velocity

wpts

q

Time
qd
Waypoints qdd

P+ Desired Joint Acceleration Applied Torque

Measured Configuration

—{ Measured Velocities

Measured Position
Close Gripper
Measured Velocity

Measured A

Applied Joint Torques
Gripper Status

Torque Controller

Simscape Robot+Environment Plant

4\ Mechanics Explorers - Mechanics Exply

File Explorer Simulation View Tools Window Help

X

ax

| Mechanics Expl

HOO@LE

X — }— | Tmefo

BRE OO X @@TI A 9| | F B |viewconvention:| v || &F | b [+ Q>0 v
- =

Simscape Multibody

Contact Modeils

Lot Gripper Frame
Right Unpee Front Normal Foroe

Rzt Groper Frame

Lo Unper Front Normal Force
éesget Frame

Gripper 1o Widget Contact

LeR Widget Frame
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Rigid Body

Environment Modeling LowTE  femancs Mt

& Dynamics

Co-Sim with
Unreal

Co-Sim with
Gazebo

Co-simulation with third-party simulators for sensors and environment models

P4 mainController * - Simulink

SIMULATION MODELING

Paver v | || - & B O §

e g Stop Time.  inf o ( Activities % Gazebo ~ Fi11:168

Gazebo

New UBRARY Step Pause Stop
S = e s F Backv v <
FILE PREPARE Z y
N Z
& mainController X State Controfer Object Detoctor | Bk 0

© [Bal moincontroter »

[Pick 3nd Place Cantrolior

3

ponecions preeson b e R vt
[t oo r L e

- e 1
B | & =l i
» 1

Running 55%  T=164.200 FixedStepDiscrete

Command Window

mainControllersixc (Simulink .. ¥

This Simulink cache contains
derived files for use with this
reiease and platform. To see all
supported configurations,
double-click this file.

Real Time Factor: Sim Time: Real Time: |terations:

| Busy script
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. . P Rigid Body f -Sim wi -Sim wi
Environment Modeling s TS e

Co-simulation with third-party simulators for sensors and environment models

Gazebo Co-simulation with Time Synchronization

. Control Manipulator Robot with Co-Simulation in Simulink

and Gazebo

Simulate control of a robotic manipulator using co-simulation between Simulink and Gazebo. The
example uses Simulink™ to model the robot behavior, generate control commands, send these
commands to Gazebo, and control the pace of the Gazebo simulation.

23
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Environment Modeling

Low-Fidelity Rigid Body Multibody Co-Sim with Co-Sim with
Model & Dynamics Modeling Gazebo Unreal

Co-simulation with third-party simulators for sensors and environment models

ot e ‘- MOB|F%Z|n alkO|s.

Gazebo Co-simulation with Time Synchronization

Control Manipulator Robot with Co-Simulation in Simulink
and Gazebo

Simulate control of a robotic manipulator using co-simulation between Simulink and Gazebo. The
example uses Simulink™ to model the robot behavior, generate control commands, send these
commands to Gazebo, and control the pace of the Gazebo simulation.

ATVRR T
0\‘\\:|n\|\““:'i‘:‘ 1
‘ \l‘i‘n"l\\}[
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Autonomous Robot Development with MATLAB & Simulink

(r N

Autonomous Applications

Perception —

!

@ Planning

{3 £\
iy ¥V
Development Environment
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How Is deep learning used for robotics?

dSpeech Recognition

v Recognltlon ture extraction + -
classification

Spectrol g ’

u(

‘\ \ Con
S e o

Deep Learning

Toolbox

Voice Command to
Robots

Deep Learning

26
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How Is deep learning used for robotics?

dSpeech Recognition

® Recognition Fea(;;esgfﬁraat’c;:n +
Deep Learning €<e, Voice Command to
o
- Robots
D CO m u ter VI S I O n ) Recoagnition —
2 R e
% Deep Learning Y - o i
- —— P

Deep Learning
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How Is deep learning used for robotics?

dSpeech Recognition

@ Recognition Feature extraction + i
Voice input classification - Word recognition
Deep Learning ‘Ci\ Voice FC;ol;nmand to
o obots

D CO m u ter Vi S i O n . Refn?a%:fcic?lii]smon End to End Network S
______~ Deep Learning _@ g=
: : Image
Pixels Deep Learning Abnorgmal
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How Is deep learning used for robotics?

dSpeech Recognition

® Recognition Feat;;esjf)iiraat(':;fn +
Deep Learning _o Ci\ Voice F(;:ol;nmand to
‘.m..m. obots

JComputer Vision k. s Ry —
______~ Deep Learning _@
' - Image
Pixels Deep Learning Abnorgmal

JPoint Cloud Processing

C'Tglljr:jts ______~ Deep Learning
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How Is deep learning used for robotics?

dSpeech Recognition

@® Recognition Feature extraction + e i
a ication "

right

Deep Learning

D CO m u ter VI S I O n . Relcn?a%:i:cig\?sition End to End Network
= Deep Learning —@ =
: : Image
Pixels Deep Learning Abnorgmal

JPoint Cloud Processing

CIT(())lIJr(]jts ______~ Deep Learning




Perception
Deep learning for object classification

.
[ ]
- .

MATLAB EX
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Perception
Deep learning for object classification

Automated Labeling &
Iterative Learning

fi

—’!-’!-‘N?‘N-ﬂ—'!ﬂ'_’!

MATLAB B
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Perception
Deep learning for object classification

Automated Labeling &
Iterative Learning

Object detector using Deep
Learning (YOLO v2)

“’!-1-“?“-”!—“5_1'7‘

33
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Perception
Object Classification

Computer Vision Toolbox, Deep Learning Toolbox, Robotics System Toolbox, Stateflow 3
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Full Workflow of Pick-and-Place Robots

Execute Pick-and-Place Workflow

Select part to Pick up the

Identify Parts and Determine Where

to Place Them

Detect Parts » Classify Parts

Scan and Build

Environment

Robotics System Toolbox, Computer Vision Toolbox, ROS Toolbox, Image Processing Toolbox, Stateflow 35



Full Workflow of Pick-and-Place Robots

Scanning the environment

o

From Point Clouds to Meshes

/

)

Scan-and-Build Environment -

Scan and Build

Environment

|denti

Dynamic environment
Flexible operations

\

to Place Them

Detect Parts » Classify Parts

fy Parts and Determine Where

Select pqrt to »
be sorted

Plck up the
part

Execute Pick-and-Place Workflow

» Place the part

MATLAB EXF
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Full Workflow of Pick-and-Place Robots

Scanning the environment

N

From Point Clouds to Meshes

/

Scan-and-Build Environment -

Scan and Build

Environment

|denti

Dynamic environment
Flexible operations

\

Object detector using Deep
Learning (YOLO v2)

fy Parts and Determine Where
to Place Them

Detect Parts » Classify Parts

Select pqrt to »
be sorted

Plck up the
part

Execute Pick-and-Place Workflow

» Place the part

MATLAB BEXF
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Full Workflow of Pick-and-Place Robots

Shipping examples

Scanning the environment / \
From Point Clouds to Meshes

iy EloenED.,

« Dynamic environment
* Flexible operations

Scan-and-Build Environment - J "

Pick-and-Place Workflow in Pick-and-Place Workflow in

Gazebo using Point-Cloud Gazebo using ROS
Object detector using Deep Processing and RRT Pat...
Learning (YOLO v2)

Setup an end-to-end pick and place Setup an end-to-end pick and place

workflow for a robotic manipulator workflow for a robotic manipulator

like the KINOVA® Gen3. like the KINOVA® Gen3 and
simulate the robot in a physics

Identify Parts and Determine Where
to Place Them

Scan and Build

: : Select part to Pick up the
Environment Detect Parts » Classify Parts bo s:rted P Place the part
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MATLAB

Full Workflow of Pick-and-Place Robots

. Interpolate path Compute time Interpolate
Plan collision-free desired ) :
ath using path } Shorten path } at aesire } steps between } tfrajectory at
P lanner validation consecutive desired sample
P distance waypoints rate
)\
Y Y
Path Planning Trajectory Generation

Identify Parts and Determine Where
to Place Them

Scan and Build

Environment

Execute Pick-and-Place Workflow

: Select part to Pick up the
Detect Parts » Classify Parts » » Place the part

39



Full Workflow of Pick-and-Place Robots

Place the Can
7 MaxConnectionDistance = 5 / EnableConnectHeuristic = false
12
Max Connection Distance =5 ]

14
08
06

~N

04

02 \
0
-02

\

N\

Identify Parts and Determine Where
to Place Them

Scan and Build
Detect Parts » Classify Parts

Environment

08

06

04

02

Place the Can
MaxConnectionDistance = 1/ EnableConnectHeuristic = false

[ Max Connection Distance =1 }

# 08 086 04 0.2 ] 02 04 06 08 1

MATLAB EX
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Full Workflow of Pick-and-Place Robots

Identify Parts and Determine Where Execute Pick-and-Place Workflow
to Place Them

Scan and Build .
, : Select part to Pick up the
Environment Detect Parts » Classify Parts be sorted » B » Place the part

41



Scan and Build

Environment

Identify Parts and Determine Where
to Place Them

Detect Parts

MATLAB EX

Execute Pick-and-Place Workflow

Select part to » Place the part

be sorted

» Classify Parts

B Statefiow (chart) exampleHelperFlowChartPickPlaceRRT - — o X
DEBU 2 e

L w H = (] (D) O x| g @ < Pattem ~ l)

New. Open.Save: brint | b-2eom Add | Insert Insert Graphical ~ MATLAB  History 7 (9 pocoooo o Run

v = ) Bt s Junction  Transition Function Function Junction P
f NAV DATA B
exampleHelperflowChartPickPlaceRRT

Q °

o !

(=)

o ’

\ (FexPiacelob T

3] G Move To Home Detect Parts

0 % Budd tha snvronment us (CloveTorome

® axampiaCommandhiowToTRACAgAAT coordeaior,

Coordinator HomeRouorTassCont, o 1. e
]
&,
Build World
Pick and Place Parts
[N
End

Ready 71%
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Advanced Control: Reinforcement Learning
Train robot to reach the target object

/ AGENT \

STATE ACTION

Train to reach the target object

Reinforcement
Learning
Algorithm

\_

REWARD

[ ENVIRONMENT }

Reinforcement Learning Toolbox, Simscape Multibody 43
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Advanced Control: Reinforcement Learning
Train robot to reach the target object

/ AGENT \

Train to reach the target object Train to grasp the target object

Reinforcement
Learning
Algorithm

\_

REWARD

[ ENVIRONMENT }

Reinforcement Learning Toolbox, Simscape Multibody 44
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Autonomous Robot Development with MATLAB & Simulink

( )
C/C++ Code

ROS Node

£ o

Development Environment

45



| MATLAB BEXIPPO

Hardware Connectivity & Deployment

-
o e || el
matlab_kortex b
x Kinova Gen 3 Franka Emika Panda

MATLAB APIs

Robotics System Toolbox, ROS Toolbox, Coders
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Hardware Connectivity & Deployment

-7 el || 57
Jo=; "4
a ’i ‘ ' - N
matlab_kortex — ]
= Kinova Gen 3 Franka Emika Panda

MATLAB APIs

= Design
e L ! algorithms in Generate
v ! MATLAB & code
. Simulink

Robotics System Toolbox, ROS Toolbox, Coders

Package
using

packNGo

MATLAB BEXIPPO

Integrate
with existing
C/C++ APIs
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Hardware Connectivity & Deployment

T = i _
o
o (g Mk

matlab_kortex ————— — ¥
- »
- Kinova Gen 3 Franka Emika Panda
MATLAB APIs
4“‘» Design Package Integrate
e o= R algorithms in Generate usingg with egxisﬁng
v 1
- A@é;ﬁik& code packNGo C/C++ APls
‘W
( D A:del-sa:d De-sign-for A_uto:mous Manipulators \ r—
- | B Sense Sense Simula
v — e g : 1 5 -

f
|
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‘ N ,..A,u...’..,.' Ie I
€ > (LA | =) e
:::ROS I ’ |
| ros_Kortex | | PEEER s ,(\,ﬁ ‘I
: o e
N v [ w2

Robotics System Toolbox, ROS Toolbox, Coders 48
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Hardware Connectivity

Robotics System Toolbox Supported Hardware R2020b
Support for third-party hardware
MATLAB API

" Get Support Package Mow

7 QD

Autonomous Applications Platform

Perception

| 3 4

@ Planning

Robot Model

49

Robotics System Toolbox, ROS Toolbox



Autonomous Robot Development with MATLAB & Simulink

(r

Autonomous Applications Platform

Environment

N\

r

C/C++ Code

ROS Node

Simulink

MATLAB BEXIPPO

50



MATLAB BEXIPPO

Autonomous Robot Development for Smart Factories

a

MATLAB' Slmulmk

Develop Autonomous Applications from Perceptlon to Motion Planning




Use Cases: Warehouse Pick-and-Place Robot

MATLAB EX
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Connect

Use Cases: Delta Robot for Automated Parts Sorting ( ()
_ A

g
ARN
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MATLAB EX.

Key Takeaways

() Advanced robotics systems in the factory of the future
> Collaborative Robots
> Al-enabled Robots

)Three pillars to develop autonomous robotics systems

> Platform design with environment models
> Autonomous application design
> Deployment

O MATLAB and Simulink is a unified development environment

> Develop autonomous applications from perception to motion planning
> Simulate and optimize system-level behavior
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Learn More e

Ground Vehicles and Mobile Robotics

& Kinematic motion models for simulation

Control and simulation of warehouse robots
Programming of soccer robot behavior (Video) " - O =

Simulation and programming of robot swarm (Video)

Mapping, Localization and SLAM (See Section Below)

* Motion Planning and Path Planning (See Section Below) - - -4 ’
* Mobile Rebotics Simulation Toolbox (Video) = } - '* -
@ MathWorks®  prosucs Soutons Academia Support Comminty_ Evens « Robotics Playground Rabotics Education - Video) - Model And Control A Pick-and-Place Workflow in
Robot f Syst Manipulator Arm With Gazebo using ROS
obotics utol ystems . . : N
Manipulation Robotics And Simscape
e e Execute a pick-and-place workflow Setup an end-to-end pick and place
*+ Tools forrigid body tree dynamics and analysis using an ABB YuMi robot, which workflow for a robotic manipulator
* Inverse Kine Blog and GitHub R
‘n rse km ma:‘“( t:gﬂ”t "‘ “| EF|°) ' demonstrates how to design robot like the KINOVA® Gen3 and
* Inverse kinematics with spatial constraints ’ = 2 . :
 Interactive Invarse Kinematics algorithms in Simulink®, and then simulate the robot in a physics

Collision checking (Self-Collisions, Environment Collisions)

MATLAB and Simulink for Robotics and
Autonomous Systems

Develop autonomous cpp\icotions from perception to motion and
opfimize system-level behavior

Trajectory Generation (Blog, GitHub Repo)

Safe trajectory planning (Impedance based control)

Pick and place workflows (Using Gazebo)

Fick up he Com
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Legged Locomotion
Download a free trial

Madeling and simulation of walking robots (GitHub Repo)

Pattern Generation for Walking Robots (Video)

‘u MathWorks®  products ~Solutions  Academia  Support  Community  Events GetMATLAB * Linear Inverted Pendulum Model (LIPM)for humanoid walking
(Video) m
Robotics and Autonomous Systems + Deep Reinforcement Learing for Walking Robots (Video) x
s Modeling of quadruped robot running (Files) v‘ "
Ovorview  Robot Manipulators  Mobile Robols  UAV  Resources

Quadruped Robet Locomotion Using DDPG Agent

Pick-and-Place Workflow in Pick and Place Using RRT
Gazebo using Point-Cloud for Manipulators

Robot Modeling Processing and RRT Pat...

MATLAB and Simulink for Setup an end-tc).en(.j pick ?nd place Using manipulators to pick and
 Simscape Tools for Modeling and Simulation of Physical Systems workflow for a robotic manipulator place objects in an environment may
RObOT Mcnipulctors s Simulate Manipulator Actuators and Tune Control Parameters like the KINOVA® Gen3. require path planning algorithms like
3 e ® Algorithm Verification Using Robot Models the [ap\d\y_epr[ing random tree
Download a free trial - . 9 * Import Robots to MATLAB from URDF Files

» |mport Robots from CAD and URDF Files

Awesome-MATLAB-Robotics

MathWorks Robotics Solution Page

) Robotics Exampl
mathworks.com/robotics s 2

ub Repo
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