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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

indiViduaI rObOt axes and Controuers Rendering of Mltsublshl Heavy Industries’ seven-
meter-long robotic arm capable of withstanding up
Results to 2000 kg of processing reaction force
= Development time halved “Model-Based Design with MATLAB and Simulink supports a
. ﬁ Ej”{%é% = Positioning accuracy requirement exceeded wide range of options, from classic to modern control, which
= Shared platform for interorganizational made it possible to respond easily to any changes in design
EE2ES collaboration established constraints and to meet the demanding accuracy requirement
= FIj éﬁ 1\5 for this robot.”
- Tadashi Murata, Mitsubishi Heavy Industries
o HE o :
: BLREIESR
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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 . i 21

MATLAB EXPO 2019 in Japan
Customer Presentation
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German Aerospace Center (DLR) Robotics and Mechatronics Center
Develops Autonomous Humanoid Robot with Model-Based Design

humanoid robot with 53 degrees of freedom

Solution == ‘
Use Model-Based Design with MATLAB and . if -

e
Challenge P~ /‘?y \
Develop control systems for a two-armed mobile \

Simulink to model the controllers and plant, generate —

coc_ie for_HIL testing and real-time opelzratu:_an, optimize DLR’s 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 Béumi, DLR

Link to user story CONFIDENTIAL | 2
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Top System Engineering Challenges

Designs are MORE COMPLEX 51%

EARLY IDENTIFICATION

of system level problems 42%

Lack of CROSS-FUNCTIONAL
KNOWLEDGE

PREDICTING SYSTEM
BEHAVIOR
before physical testing

37%

32%

CHANGING REQUIREMENTS 26%

m % 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

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

2010 2020
Source: Numetrics
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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URDF / Robot Library

%% Import robot from URDF

.‘iBackhae_AcluamrsluﬂMualar-S\mulmk - s} % | =0 B ’ .
File Edit View Display Diagram Simulation Analysis Code Tools Help 20 [ [ — e Y T R - e SR ] Smlmport (IGEN3_FOR_U RDF_ARM_Vll_MODU I’df' ) ’
Lift Actuator
-] N3_FOR_ URDE_ARM V11 MOD * - Simulink
Cylinder Prismatic Joint P CAD MO d el "';:U;ZN' e — - .
@ Y ©- @ stoveMiler- A, — p .
I53’—[-'-8—-5 ] F—EBHl THaBe s2®2 L0 e | A [Pl 2 - - “;B, )
- v b v P Fast Restart Back ¥ i - Irspectar
“ c Fr
=
(] .
- a C R
i
X A B
- 't
B, Hydraulic Cylinder ‘
»

0

i
-
-

TR JpCioln hipcisin ApCan -
Pl i) Lo 103 e || - S Multibody
Sl Ty, 7 m : — Model

- w:lw“ el mvlfn

- >
.

7-DOF Manipulator w/Gripper - Mechanical Model
tuation - Position/Velocity!

B I ) v |

%% Use robot library
Robot = loadrobot (‘abbYuMi’) ;
Show (robot) ; - o — & %

File Edt View Insent Tooks Desitop Window Help

Dods G 08 LE

L

eI TN N @) — | e s

Simscape Multibody, Robotics System Toolbox
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Simulate First and Simulate Often!

-

Platform

Environment

Robot Model

Rigid Body
Kinematics &
Dynamics

Low-Fidelity
Model
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Multibody
Modeling

Co-Sim with
Gazebo Unreal

MATLAB E3

Co-Sim with

Task Scheduling & Trajectory Generation

( L} inputTime state
configSequence L mlconfiaSeauence
2l ) S

File Edit View Insert Tools Desktop Window Help
N de 3 08(k(E
VYT as X P Ce 9 OD LO

closeGrinner

. 4

v

r,

System Model

qd

qdd

P closeGripper  GripperStateReached |—

Gripper Model
@Y
Ll
. ®
Ll

qddOut

v - \€/i\ state

-
Myt stateDot

P

P

Ackermann Kinematic Model

A dpe L‘ (‘5 state

o T stateDot

P

\ Unicycle Kinematic Model

Motion Models

Av l_. state P
4

b [ stateDot [

Bicycle Kinematic Model

ap
Y refPase .\J et
e@ "

adp
Nrefvel ®

EE: tool add pr

Task Space Maotion Maodel

Model And Control A
Manipulator Arm With
Robotics And Simscape

Execute a pick-and-place workflow
using an ABB YuMi robot, which
demonstrates how to design robot
algorithms in Simulink®, and then

~N

— .._- >
) state

p LU stateDot [

Ndp jat

Differential Drive Kinematic Mode|

Jakef T ap
@ =
qRefDot @ 4

®

3 aRefDDot add
Jaint Space Motion Mode! )

b

qdf»
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—4 < 4T E Low-Fidelity Rigid Body Multibody Co-Sim with Co-Sim with
E YRR ’ , =1 Model & Dynamics Modeling Gazebo Unreal

2% X T HAREMIMFESHIME 5h HF =2

Task Scheduling & Trajectory Generation Systerﬁ Model

@ input'ﬁme state Measured Configuration

Gripper Command

- Measured Velocity »(2)
configSequence Il confiaSeauence closeGripper »{ Desired Configuration qdOut
- R 2 Ll - q P Desired Joint Velocity Measured Acceleration @
flle B Yiew: et Tons Desdop Window: telp > P Desired Joint AccelerationApplied Torgue Applied Joint Torques T
_) L_; d é @a D @ k E qd P Measured Configuration Gripper Status
pts qdd »| Measured Velocities Manipulator Dynamics

Torque Controller

Manipulator Motion

Conty
@@ 4

Controlier Joint Torques and Forces Jontvel

JomtAccel

Modifed Jort Torues and Forces ) JontTorg =
Grpper Ciose Commana

Measured Configuratio

FExt

o] ——{(2 )
Manpulator Forward Dynamics Measured Velocity
260086 robot NumBodies ) @

Measured Acceleration)

Gripper Sensor

e

Robotics System U P e
Toolbox -

closeGripper

Gripper Loge
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Co-Sim with Co-Sim with
Gazebo Unreal

Multibody
Modeling

ZANHE Lowidelty  {Gematic
_’)‘7 o~ LHi9ElE & Dynamics

N E X T A RAFEME B IIERN NF RSt

Task Scheduling & Trajectory Generation System Model

(D inputTime state

Close Gripper qOut
Measured Velocity » 2 )
| configSequence |—> configSequence closeGripper # Desired Configuration qdOut
rF.y
P Desired Joint Velocity Measured A i 3
4\ Mechanics Explorers - Mechanics Explorer-modelWithSimscapeRobotAndEnvironmentDynamics - [m] X q qddOut
—» Time P Desired Joint AccelerationApplied Torque Applied Joint Torques
File Explorer Simulation View Tools Window Help A x Gripper Status
n a d Measured Configuration e
o®TTE T g || [F B | view convention: V‘G‘Q U"}"Q»Dv q i
[ Mechanics Exp|over modelWithSimscapeRobotAndEnvironmentDynamics o | —» Waypoints qdd | Measured Velocities Simscape Robot+Environment Plant

Torque Controller

Rigt Usper Front Normal Force

Simscape Multibody

QO o161 1®

x —— ‘Txme 0
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Control Manipulator Robot with Co-Simulation in Simulink
and Gazebo =3

*| Busy
’ 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.

ng for new ROS message

19
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Robotics System Toolbox, Computer Vision Toolbox, ROS Toolbox, Image Processing Toolbox, Stateflow 24
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Scanning the environment [ \ S h | D D | n C] exam D I es

From Point Clouds to Meshes
o i . jJ ,ufT\iR
o Emnn ™

AR RS - S| B | [ e assonn

Gazebo using Point-Cloud Gazebo using ROS
Y
: =Y
- - . —
= AEEC

Labeled Images Training Images

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

HAFEHHBEREME HATHRERFNRE TIER

A H A E T &I EIRE MR
BT P SATH =44 ML
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connect Grand2

Astart extend]
extend? connect?2
—0 ’..O q
qrond] goal
—o0
—

MaxConnectionDistance

EnableConnectHeuristic = frue

MATLAB BEXIPPO
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4
Pick and Place Using RRT
for Manipulators

Using manipulators to pick and
place objects in an environment may
require path planning algorithms like
the rapidly-exploring random tree

https://www.mathwork
s.com/help/robotics/u
g/pick-and-place-
using-rrt-for-
manipulators.html

1.4 5

1.2 4

0.8

0.6 -

0.4 -

0.2

MaxConnectionDistance = 0.3 / EnableConnectHeuristic = true

Pick up the Can

MATLAB E

29
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ALA R
mKERES
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EREEIZER &N

MATLAB E3

O
O

MaxConnectionDistance

100

obstacle

qs’ror’r

QQOCﬂ
EnableConnectHeuristic = false

@ Figure 1: Pick and Place Using RRT [ . -«

iz e 1: Pick and Place Using RRI
File Edit View Insert Tools Desktop Window Help k] File Edit View Insert Tools Desktop Window Help
Dade @ 08 KE | Dede @08 KE

.| Max Connection Distance =0.5 | .| Max Connection Distance =5
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4\ Figure 1: Pick and Place Using RRT
File Edit View Insert Tools Desktop Window Help

Dade @ 08 KE

.| Max Connection Distance =0.5 |

MATLAB E3

O
O

MaxConnectionDistance

100

obstacle
X

CIs’rorT

QQOCﬂ
EnableConnectHeuristic = false

@ Figure 1: Pick and Place Using RRT O @ Figure 1: Pick and Place

File Edit View Insert Tools Desktop Window Help

EFDREERY:

File Edit View Insert Tools Desktop Window Help

Dede @ 08 KE

.| Max Connection Distance = 5
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MaxConnectionDistance

Rtk Astar
B RIEFR R
[EREERB &\

obstacle

QQOCﬂ

)

a -
~ File Edit View Insert Tools Desktop Window Help

File Edit View Insert Tools Desktop Window Help
Dede @ 08|RE

Dede @ 08/ RE

File Edit View Insert Tools Desktop Window Help

Dede @ 0BRE

Validation Distance = 1 J

Validation Distance = 0.01 J Validation Distance = 0.1 J

s . .

Average Plan Time: 16 s Average Plan Time: 9 s Average Plan Time: 0.5 s
32
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ALA R
RANERESR
g1 afi: =
EREEREBR AN

O
O

MaxConnectionDistance

obstacle

q$tor‘r

CIgocﬂ
EnableConnectHeuristic = false

File Edit View Inset Tools Desktop Window Help ~ File it View Insert Tools Desktop
Dede @ 08 KE Dode @ 08 KE

Enable Connect = FALSE Enable Connect = TRUE

e b
Average Plan Time: 3.0 s Average Plan Time: 1.2 s
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Enable Connect = FALSE

Average Plan Time: 3.0 s

obstacle obstacle
®

qstor‘r

%
obstacle
o CIgocl
EnableConnectHeuristic = frue
:_ijle:jdnlu V:w geﬂuk;aols [;es.l:—:v Window Help ‘F_u"leL;dnlu V»:z asenn\'gs D;sgp Window Help
Enable Connect = Enable Connect = FALSE ] Enable Connect = TRUE ]

= i

Average Plan Time: 1.2 s Average Plan Time: 5.6 s Average Plan Time: 4.5 s

MATLAB BEXIPPO
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« Figure — O X

File Edit View Insert Tools Desktop Window Help

Dede @ 08 KE

HAFHHBEREME PATHREVAEE TIER

R RN HRTH

IRFER TR = A
Py HMEE 1 MEFH

{EAworkspace goal region XXM
o A

7] <

d e * >>pickRegion = workspaceGoalRegion("sampleEE")
>> pickRegion.ReferencePose = bottlePose;
>> pickRegion.Bounds(4,:) = [-pi pi];

>> placeRegion = workspaceGoalRegion("sampleEE")

>> planner = manipulatorRRT(robot, env);
>> path = plan(planner, startConfig, placeRegion)
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File Edit View Insert Tools Desktop Window Help > 2F
Dede @ 0ERE
T
0 —— E— —
1r
2t . .
0 1 2 k1 4 I 7 2 g 10
Joint Velocities (rad/s)
1F . | ‘ ‘ . : ‘ .
0 :,—//:\‘ﬁiz\ i — —
\ B —
|
. . Ak l:/
Linear Interpolation
i - _2 1 Il Il Il 1 1 Il Il 1
0 1 2 3 4 5 6 7 8 9 10

>>[q, qd, qdd] = cubicpolytraj(wpts, tpts, tvec,

‘VelocityBoundaryCondition’, splineVelBounds)

-~
File Edit View Insert Tools Desktop Window Help

Dede @ 08 RE

Joint Positions (rad) using spline Boundary Conditions
T T P e ——— | T — T — T T T

Piecewise Cubic Interpolation J
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:)—p inputTime state 4%: I
Measured Position »)
‘:I—. i R Close Gripper qOut

Measured Velocity »(2 )

commandLogic

robotConfig q Desired Configuration

t— Time
/\/\ qd Desired Joint Velocity Measured i »(3)
i » ddout
4 . gripperStateReached wpts ¥P qdd Desired Joint AccelerationApplied Torque Applied Joint Torques L
Z I_I I Gripper Status
I Measured Configuration

Mechani I - Mechanics Expl i i i o X
R e g Measured Velocities Simscape Robot+Environment Plant
File Explorer Simulation View Tools Window Help |ax
BRE QO X WFTTH T 3| H | F | viewconvention:| v || & | & Bw 4 Q »[O v Torque Controller
~ | Mechanics Expl ithsi i ics % |

MassMatro(ddod - Kd"dae - Kp'ae)

i,
T s s e

4
N A .

)
2 ‘\

Velacity Product Torque + Gravity Torque
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RS & IEENIE
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Ly | TN Bt Sup
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: Trajectory e Using Robatics Manipul
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a aeman ) 1 .
E v L_ Perform Safe Trajectory
N—_— ,-IQ I (== O - N E— 4 Tracking Control Using
a |2§ L i ;n nt o Bl " Robotics Manipulator...
- e Use Simulink® with Robotics
ASER Y s o
& % m 7 Toteory g e rind e et o Gk System Toolbox™ manipulator
| I Jl -
. algorithm blocks to achieve safe
[US———
> @ trajectory tracking control for a
|ty o 1
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Reinforcement Learning Toolbox, Simscape Multibody
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MATLAB APIs
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Robotics System Toolbox, ROS Toolbox, Coders 46
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Robotics System Toolbox Supported Hardware R2020b

Support for third-party hardware

; MATLAB API
¥, Get Support Package Now ——
- Autonomous Platform h
Applications
Percep’rion
@ Planning
Robot Model

Y NODEX LLCH
> OpenCV,
GAZEBO,.. 4

" /matlab_global
_node
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Overview  Robot Manipulaiors ~ Mabile Robols  UAV  Resources

MATLAB and Simulink for Robotics and
Autonomous Systems

Develop autonomous applications from perception to motion and
optimize system-level behavior

Download a free trial

‘I\Iath\‘\'ﬂl'k& Products Solutions Academia Support Community Events el MATLAB

Robotics and Autol Syste

Overview  Robot Manipulators  Mobéde Robots ~ UAV

MATLAB and Simulink for
Robot Manipulators

Download a free trial

MathWorks Robotics Solution Page
mathworks.com/robotics

Ground Vehicles and Mobile Robotics

Kinematic motion models for simulation

Control and simulation of warehouse robots

« Programming of soccer robot behavior (Video) - Q ]
® Simulation and programming of robot swarm (Video)
s Mapping, Localization and SLAM (See Section Below) e =
« Motion Planning and Path Plznning (See Section Below) - -~
* Mobile Robotics Simulation Toolbox (Video) C ]
-

Robotics Playground (Robotics Education - Video)

Manipulation

Tools for rigid body tree dynamics and analysis ’

Inverse Kinematics (Blog and GitHub Repo)

Inverse kinematics with spatial constraints

Interactive Inverse Kinematics

Collisien checking (Self-Collisions, Environment Collisions) y 3
Trajectory Generation (Blog, GitHub Repo)
Safe trajectory planning (Impedance based cantrol) y

Pick and place workflows (Using Gazebo)

Legged Locomotion

Madeling and simulation of walking robots (GitHub Repo)

Pattern Generation for Walking Robots (Video)

Linear Inverted Pendulum Madel (LIPM)for humanoid walking
(Video)

Deep Reinforcement Learning for Walking Robots (Video)

Modeling of quadruped robot running (Files)

Quadruped Robet Locomotion Using DDPG Agent

Robot Modeling

Simscape Tools for Modeling and Simulation of Physical Systems

Simulate Manipulator Actuators and Tune Control Parameters

Algorithm Verification Using Robot Models
Import Robots to MATLAB from URDF Files
Import Robots from CAD and URDF Files

Awesome-MATLAB-Robotics

ub Repo

Model And Control A
Manipulator Arm With
Robotics And Simscape

Execute a pick-and-place workflow
using an ABB YuMi robot, which
demonstrates how to design robot
algorithms in Simulink®, and then

4
Pick-and-Place Workflow in
Gazebo using Point-Cloud
Processing and RRT Pat...
Setup an end-to-end pick and place
workflow for a robotic manipulator
like the KINOVA® Gen3.

MATLAB EXF

Pick-and-Place Workflow in
Gazebo using ROS

Setup an end-to-end pick and place
workflow for a robotic manipulator
like the KINOVA® Gen3 and
simulate the robot in a physics

Fick up he Com
MCarmacioaatenca 031 EnsteCammciresrat + e

Pick and Place Using RRT
for Manipulators

Using manipulators to pick and
place objects in an environment may
require path planning algorithms like
the rapidly-exploring random tree

Example

Robotics p



https://github.com/mathworks-robotics/awesome-matlab-robotics
https://github.com/mathworks-robotics/awesome-matlab-robotics
https://www.mathworks.com/solutions/robotics.html
mathworks.com/help/robotics/examples.html
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