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Italian Institute of Technology Develops Advanced Control
Software for the ICub Humanoid Robot

Challenge

Design and implement control algorithms for a
humanoid robot with 53 degrees of freedom

Solution

Use Model-Based Design to develop controllers,
verify them via cosimulation, and test them on
the robot

Clockwise from top left: iCub shooting arrows, striking a
yoga pose, walking while controlled via teleoperation, and

ReS u ItS working with a human to stand up.

= Telexistence and agent-robot collaboration
control systems developed
= Independent robot operation implemented with

enerated code
?: trol desi g itiole h id control features, validate them through simulation, and run
|
ontrot design reused on muftipie humanol them on an iCub robot without writing any low-/evel code.”

robot platforms - Daniele Pucci, Italian Institute of Technology (11T)

“Our team has created a development workflow based on
Simulink and Simulink Coder that makes it possible for even
inexperienced team members to rapidly implement new

Link to technical article
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|
JUNIA Develops Autonomous Pediatric Exoskeleton for Children

with Severe Neurological Disorders

Challenge

Develop a lower limb exoskeleton to be used as a physical
therapy tool for children with cerebral palsy.

Solution

Use MATLAB, Simulink, and Simscape Multibody to model
motor dynamics and design motor controllers. Conduct real-
time testing of prototype hardware with Speedgoat.

Key Outcomes

= Development was accelerated through Model-Based
Design with MATLAB and Simulink

= Total prototyping time was cut in half using Simulink Real-
Time and Speedgoat real-time target machine

= Collaboration was successful between clinicians and
partners in exoskeleton testing using the designed interface
with MATLAB App Designer

Model of the JUNIA exoskeleton. (Image credit: JUNIA HEI)

“‘We found that Simulink Real-Time is the best
choice because you can design whatever model
you want, whatever control algorithm you want,
and you can apply it quickly to your prototype.”
— Yang Zhang, postdoctoral researcher at
JUNIA HEI

Link to feature story 9
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https://jp.mathworks.com/videos/model-based-design-for-uav-development-1639156892955.html
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University of Naples Researchers Simulate Autonomous Landing

for UAVS

Challenge

Improve autonomous approach and landing for UAVS in
challenging, low-visibility conditions such as fog, rain, or night

Solution

Develop perception algorithms using MATLAB and simulate
landing conditions using Simulink to support design,
development, and testing of solutions

Results

= Developed vision-aided, multisensor-based navigation
architecture to support autonomous UAV landing

= Created simulations that are easier to design and control,
can include a wide variety of system parameters, and are
better representative of real-world urban environments

= Developed perception algorithms capable of producing
reliable pose estimates under low-visibility conditions and
capable of crosschecking the integrity of GNSS
measurements

Link to article

’ i) | 111
A landing pad equipped with an AprilTag marker to facilitate
an autonomous aircraft’s pose estimation.

“One key feature of MATLAB that makes it very useful for our
work is the support, help, and functionality of MATLAB, which
Is very clear, comprehensive, and easy to use. For us and

our students, this makes MATLAB useful.”
- Roberto Opromolla, PhD, University of Naples
13


https://www.mathworks.com/company/newsletters/articles/developing-sensor-fusion-and-perception-algorithms-for-autonomous-landing-of-unmanned-aircraft-in-urban-environments.html
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University of Naples Researchers Simulate Autonomous Landing
for UAVs
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A landing pad equipped with an AprilTag marker to facilitate
an autonomous aircraft’s pose estimation.

“One key feature of MATLAB that makes it very useful for our
work is the support, help, and functionality of MATLAB, which
Is very clear, comprehensive, and easy to use. For us and
our students, this makes MATLAB useful.”

- Roberto Opromolla, PhD, University of Naples

Link to article
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Airbus Develops Autonomous Control Systems for the Mars
Sample Fetch Rover Using Model-Based Design

Airbus Defence and Space engineers are using Simulink
and Embedded Coder to accelerate the development of
computer vision, machine learning, and autonomous
control algorithms for the Mars Sample Fetch Rover.

Key Outcomes

= Design, verification, and testing of autonomous control
software accelerated

= Human errors in implementation reduced via code
generation

= Machine learning-based visual detection algorithms
developed to locate samples

Link to user story

Mars Sample Fetch Rover:

Autonomous, robotic, sample fetching

AIRBUS

As part of the Mars Sample Return (ESA-NASA) mission, Airbus
Defence and Space UK is developing the Mars Sample Fetch Rover.

Fast development is key in this project. Airbus has
been developing algorithms in MATLAB that serve as
the basis for automatically generating the flight
software, as well as all the documentation that is
needed.

20


https://www.mathworks.com/company/user_stories/airbus-develops-autonomous-control-systems-for-the-mars-sample-fetch-rover-using-model-based-design.html
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MIT Develops More Reliable Algorithm for Robots Navigating

New Spaces

Challenge

Ensure that simultaneous localization and mapping
(SLAM) algorithms produce correct results in challenging
real-world conditions

Solution

Develop the graduated nonconvexity (GNC) algorithm,
which reduces the random errors and uncertainties in
SLAM results

Key Outcomes

= GNC produces correct results where existing methods
“get lost.”

= GNC algorithm made available to MATLAB users in
Navigation Toolbox.

Link to feature story

A delivery robot.

In real applications, the robot faces many outliers,
which can make up more than 90% of all
observations. That’s where the GNC algorithm
comes in and outperforms all competitors.

21
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KTH Royal Institute of Technology Researchers Develop Control

Algorithms to Simulate AUV Hydrobatics

Challenge
Improve the autonomous capabilities of AUVs that operate
remotely and at depth

Solution

Develop control algorithms using MATLAB and Simulink
that allow researchers to simulate complex AUV
maneuverability

Results

= Developed effective control strategies that help the
AUV perform complex maneuvers in real-world tests

= Developed vehicle motion simulations in Simulink that
run in close-to-real-time and are sufficiently accurate
to model qualitative behaviors

= Increased the pace of AUV research by rapidly
simulating, optimizing, and implementing control
algorithms before field-testing

Link to article

Submerged hydrobatic AUV SAM (above) and
a 3D representation of the vehicle (below).

“Finding an effective control strategy for complex maneuvers
would have been extremely difficult if we were limited to solely
conducting tests with the AUV itself. Via simulation, however,

we were able to rapidly try various MPC designs and
combinations of PID controllers, as well as generate detailed
plots of the simulation results in MATLAB to see which approach

worked best.”
- lvan Stenius and Sriharsha Bhat, KTH Royal Institute of Technology

25
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Drass Develops Deep Learning System for Real-Time Object
Detection in Maritime Environments

Challenge
Help ship operators monitor sea environments and detect
objects, obstacles, and other ships

Solution

Create an object-detection deep learning model that can
be deployed on ships and run in real time

First day of object detection tests with optronic system

Results prototype.
= Data labeling automated

- Devc_elopment time red_uced _ ‘From data annotation to choosing, training, testing,

= Flexible and reproducible framework established and fine-tuning our deep learning model, MATLAB
had all the tools we needed—and GPU Coder
enabled us to rapidly deploy to our NVIDIA GPUs

even though we had limited GPU experience.”
- Valerio Imbriolo, Drass Group

Link to user story 26
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Bridging ROS / ROS 2 with MATLAB and Simulink

[ \ ( 4 ) 4 ) \
< ROS Network )
Perception ~~.J® ROS Connection
\\\ Prototyping ad
MATLAB ~ L
Planning & -
decision 4~ N
> BN Deployment  Mla
Simulink © ROS node ROS/ROS2
Selnlre. generation _nhodes J Real
Standalone implementation \__hardware
(C++ node generation)
_ Windows/Mac/Linux resbog Linux

@ rosbag import ROS 2
P — s Offline analysis C —

MATLAB/Simulink ROS PC

i
{ 4\ ] L Offline Analysis NN [ ROS

vy \_




4\ MathWorks

N

FORTAOREFET—I70—

.A MATLAB® _[>f'-| Simulink® ™\ e ADvIal—zv ~
RARTF LIV TYT

= AL System Composer”"
= - RE F7Vz0 b TIR—
/" / \ /
Object detector using Deep Fars 2 P |:| 'j—:\ \y I\ t d)j:%%j'_ﬁ
1 Learning (YOLO v2) A A d Y &’Q
N ! '

o
= —_— 0 . < ASIC, FPGA
gL | | = el ~°®Eﬁm‘"‘ :::ROS
== = 2 ses
== =0 11 ROS 2

N NVIDIA® Jetson® ROS Nodes Speedgoat )




Eqm,

\TAIRAFEET—70—

< MATLAB® ) Simulink®

A= System Composer™

AT LDESE

~

Y RT LERARDOEKTE - E - ER

-~/7\7-/_\; —*FoFvETYVS
— XTI F Yy EbPL—RF 70

“f/’)'? 71 —XATEH

o> 2T LBIEDRGE

CERAAF 2
RAFRTAETYS
B bRiER - BB

.............

7z

g 'f%'xgéan

............

Y —T7a2—-Yav
Y Ea—REYay /54 KX—NE

By - CAD/URDF®D 1 > — k "z{fx ERORW - F7vxyT
L S . vr—=vav /N
0y FEE}J?—;ET)I’ S -
b Y —EFL R BHEE
*SLAM (BCMIBHE & ¥ v 71EK)
ARy bETL 4]
S (R — S — N
AT AT REAEHE - B
CE— R & [EEY) / EZR(EE
«PID&I7E IREE DB B ETE
T LR ARAXPY TR
EE IEE
Gl E—vavrsr=vy

AN

RAE & B X PR

(SR

targot ‘

cETFNEHE

eLf— bR/

‘EXREEHOML—HEYT 4

TR ANy DR

AT I (FvERALTS—, Ty FEYYY)
<ERHY O — NREAT

SERAE1ERR

—\
=)

3

AN

4\ MathWorks

4

.

IDIal—vgv ™
ENEIRIE
<« BBHRZR
1 BEER. WECEEY
—v Ty MER -,EII HHEEYOEEER
vl SFUFTIE— (AR
AER3IDY I 2L —% (Gazebo. MOFy k. &)
Unreal Engine®, Unity7: &) Y
*ROS/ROS 21 & 2 =
- - IRIE FTTOb T R—
ARy b &DER N
N—=KFR Iz TICEBTALITYRXLDTALE
Oy b= K7 7 OHH
R VYT —ROEE
HBDENAILARY kDROS/ROS AR T
DI
4
Kz 7 ADFEE N
E = BB — KR
(C,C++,Verilog, VHDL,ST,CUDA )
PX4 Autopilot Raspberry Pi ASIC, FPGA *ROS/ROS 2FC++/ — F D BEHAERK
Aty —- Ay Y- —7 (PIL) .
. eoe N—=FgzF7 A -HF =7 (H”.)
:::ROS 72
:::ROSZ Ll REN—FIT - TREORDHDERE
NVIDIA® Jetson® ROS Nodes Speedgoat )

31




- <{\ MATLAB® T simulink® ~
e VAT LDER e .
% System Composer™ Requirements Toolbox™
P EPLTE TN = I — T S — \
' Simscape™ ' CompuTer Vision Toolbox™
: i . b Lidar Toolbox™
g Simscape Multibody™ i )

: ¥ Deep Learning Toolbox™

i Simscape Electrical™ H , )

; i1 Sensor Fusion and Tracking Toolbox™

: ™ o

Aerospace Blockset H Navigation Toolbox™
Stateflow® Robotics System Toolbox™

| Simulink Control Design™ ! UAV Toolbox™

E Robust Control Toolbox™ EE Deep Legrning Toolbox™
Optimization Toolbox™ Reinforcement Learning Toolbox™
P — WA TR \
' Requirements Toolbox™ Simulink Design Verifier™ :
| Simulink Test™ Polyspace® i
Simulink Check™ IEC Certification Kit™
{ Simulink Coverage™ DO Qualification Kit™ ,5
et )

ERK >

:

7S

3 '

ZoRy I F B EMathWorks & &

& MathWorks

Ve 3Dy alb—v3v N
RoadRunner
UAV Toolbox™
o RoadRunner Scene Builder
( Automated Driving Toolbox™
RoadRunner Scenario™
Robotics System Toolbox™
RoadRunner Asset Library
. J
e Ok b & DR N
ROS Toolbox Robotics System Toolbox Support
Package for Universal Robots UR
, Instrument Control Toolbox™ Series Manipulators
@ Robotics System Toolbox Support
Parrot® Drone Support from Package for KINOVA Gen3
MATLAB Manipulators
. J
e N—RFT T NDEE N
Embedded Coder® Simulink PLC Coder™
f GPU Coder™ ROS Toolbox
HDL Coder™ Simulink Real-Time™
\ J




. MATLAB- s|mu|mk(at|:|7|w|~ St RUOBEET7IOVXLEREZXIET S

SELGHKEE YT A FAEIRENTIEM

|

U —FETFINEEL VAT LI AL —a0F T8I K Y EBERER D

JR-aAR - TED K Bl gE

|

IRk IORD—4500— (KA TORNIAEV O DS EED

B - R T B EREZIEL

|

4\ MathWorks

33



4\ MathWorks

Accelerating the pace of engineering and science

© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See
www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.

4\ MathWorks

34


http://www.mathworks.com/trademarks

	Slide 1: 2023月9月11日（月）  実例から学ぶMATLABおよびSimulinkの ロボティクス開発ソリューション
	Slide 2: 製品
	Slide 3: 自律ロボティクス開発の課題
	Slide 4: 自律ロボティクス開発ワークフロー
	Slide 5
	Slide 6
	Slide 7: 京セラ、モデルベースデザインによる人協働多軸ロボットの開発環境を構築
	Slide 8: Italian Institute of Technology Develops Advanced Control Software for the iCub Humanoid Robot
	Slide 9: JUNIA Develops Autonomous Pediatric Exoskeleton for Children  with Severe Neurological Disorders
	Slide 10: ゲーミングエンジン連携による3Dシミュレーション 
	Slide 11
	Slide 12: ヤマハ発動機、ドローン向けシリーズハイブリッドシステムを モデルベースデザインで開発し、飛行試験を実施
	Slide 13: University of Naples Researchers Simulate Autonomous Landing for UAVs
	Slide 14: University of Naples Researchers Simulate Autonomous Landing for UAVs
	Slide 15: SkyDrive、実機検証が難しい「空飛ぶクルマ」開発で シミュレーション環境を活用  
	Slide 16: Cesiumとの連携​
	Slide 17: センサーモデルと統合されたシミュレーション
	Slide 18: リアルタイムハードウェアによるHILSテスト
	Slide 19
	Slide 20: Airbus Develops Autonomous Control Systems for the Mars Sample Fetch Rover Using Model-Based Design
	Slide 21: MIT Develops More Reliable Algorithm for Robots  Navigating New Spaces
	Slide 22: デジタル標高図使ったオフロードパスプランニング
	Slide 23: オフロード車両の３Dシミュレーション
	Slide 24
	Slide 25: KTH Royal Institute of Technology Researchers Develop Control Algorithms to Simulate AUV Hydrobatics
	Slide 26: Drass Develops Deep Learning System for Real-Time Object Detection in Maritime Environments
	Slide 27: 計測データを使った波力解析
	Slide 28: マリンロボットの３Dシミュレーション
	Slide 29: Bridging ROS / ROS 2 with MATLAB and Simulink
	Slide 30: 自律ロボティクス開発ワークフロー
	Slide 31: 自律ロボティクス開発ワークフロー
	Slide 32: 自律ロボット開発関連MathWorks製品
	Slide 33: まとめ
	Slide 34

