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Developing Autonomous Robots with
MATLAB and Simulink
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Challenges with Autonomous Robotics Systems

Applying Multidomain Expertise

Complexity of Algorithms

End-to-End workflows
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'Today: Design Pick and Place Application
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Platform Design

How to create a model of my system that suits my needs?

[ Mechanics] [ Actuators ] [Environment]
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Import models from common CAD Tools

SolidWorks Simscape Multibody Model
Model

:?@,IEI_I'%IME >

Q AssemblyWithFingers (Default)
4 History
Sensors
> Annotations
m Front Plane
Ej Top Plane
Ej Right Plane
L, Origin
4 % controller<1>
4 % actuatortypel<1>
4 % (-) shoulder<1>
» % (-) actuatortypel<2>
» % (-) arm<1>
» @ () actuatortypel<3>
» % (-) forearm<1>
» % () actuatortype2<1>
» @ () wrist<1>
» @ () actuatortype2<2>
4 % (-) wrist<2> %
» % (-) actuatortype2<3>

Y % (-) HandAssembly<1>

» @[ﬂ] Mates

Mechanics J
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Mechanics: One line import from URDF

4\ Mechanics Explorers - Mechanics Explorer-j2nés300_InvDyn - O x

File Explorer Simulation View Tools Window Help ‘N‘HX

EERION F- ﬁ|mﬂCU@@5@|H§G|@@|Vimconvenﬁon: dhlewd >0 v

: | Mechanics Explorer-j2nfs300_InvDyn :R.l

5% 1 t bot £ URDF 28 mro o ’
—_— = : -
GR) mpoxr Yoo rom & % Jaco,model D y
--DDD j2n6s300_end_effector
- L] oD
'32n6s300 standal tl df'); © oo
Smlmport ( Jj<nos sSstanaaione s .ux - %8 jonss300,ink 2
— — - 2065300 link_3
- 12065300 link_4
- j2nBs300_link_5
T j2n6s300_link_6
-0 12n65300_link_base
-7 j2n6s300_link_finger_1
q1Cme o J2nbs300_link_finger_
= -8 j2n6s300_link _finger_tip_1
3.93 2.872) o ) - Ingerhp.
g2Cmd - j2n6s300_link_finger tip_2
65 intTau -8 j2n6s300_link_finger_tip_3
- acmd __0.1902 (==}
astm » jntcmd 00032 o
BB orld
g4Cmd -2y, MechanismConfiguration
072 - World
g5Cmd -+ connect_root_and_world ¥
1.56 —— T -0.005642) <5 2
qB6Cm!
o 1= 7k {5 b
—gF F1 E,¢ dr Frip— Y J e it .f A
Pee > &t &t -
1 root 2n6s300_joint_base j2n6s300_link_base | j2n6s300_joint_1 2n6s5300_link_1 2n6s300_joint_2 j2n6s|
Q
Jac«}_model_lD
qiCmd
=0 a2cmd (WO O® T=[047] @) -} |tmeler |
q3Cmd
miCmd
jntCmd Q4C.d
95Cmd
96Cmd
SL_to_SM

Demo
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G HalEl  » C» Ddive » Matlab and Simulink files » robotarm2 » Source » Model » kinova_description » urdf » |
Current Folder ® | Command Window ®  Workspace ®

Name ~ j.'r_» smimport('j2n6s300_standalone_stl.urdf') Name - Value
_] two_arm_robot_example_standalonexacro
L) m1n6s300.xacr0
_] m1n6s300_standalone.xacro
j m1n6s200.xacro
;J m1n6s200_standalone.xacro
) m1nds200xacro
3 m1nds200 standalone.xacro
J kinova_inertialxacro
_] kinova_finger_set.xacro
;) kinova_common.xacro
3 kinova.gazebo
_) j2575300.xacr0
J j2575300_standalone.xacro
() j2s6s300.xacro
_] j2565300_standalone_stl.urdf
_J j2s65300_standalone xacro
) j2565300_standalone.urdf
_) j2n7s300.xacro
J j2n75300_standalone xacro
_J j2n6s300.xac0
_] j2n65300_standalone_stl.urdf
:] j2n6s300_standalone xacro
3 j2n6s300_standalone. urdf

__) j2n65200.xacr0

[ !'Zn&ZOOVstandanm.xacm

j2n4s300.xacro

_J j2n4s5300_standalone xacro

]

j2n65200_standalone.urdf (URDF File) .4

No details available

mi.
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Actuators: Model other domains
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Fluids = Multibody
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Modeling Actuators

(0} () PID(Z)
d-axis current Pl

S B e
PID(z) —b@—b PID(z) b () PID(z)
- q
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Environment: Connect MATLAB and Simulink with ROS

-

algorithms

\_ SM Models | \_

N : 4
ROS Bag import

<___

Networking

:::ROS

———ﬁ

Code Generation

Simulation
environment

MATLAB EXPO 2019
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'Design Pick and Place Application
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'Design Pick and Place Application

Q‘ Platform
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Object Classifier and Pose Estimator

-

frame20171102_0 frame20171102_0
85113_187 851
=N
J——
frame20171102_0 frame20171102_0
85131700 85136_671
=

frame20171102_0 frame20171102_0
85147516

Images

frame20171102.0 frame20171101_1
85125 562 Zr:;.zez gas -

G | RN

frame20171102_0

85143 027 frame20171101_1
24355.413

|4
S

frame20171102.0
85159.825 frame20171101_1

Clipboard Organize New

v A |« images > reeses

P

frame20171102_0 frame20171102_0
85322772 85326 723

|

frame20171102_0 frame20171102_0
85334884 85339,

1

%

frame20171101_1
24347068

frame20171101_1
24407

frame20171101_1
2

vE o 24410818 4415372
s
Open P — Tolder
| cipboard Organize New
v O Search ree... O
| v A« images > snickers
~
B TIORETS\
[ 1S,
frame20171102.0 [CHE=ED)
85330_160 frame20171101_1
23907.910
9 P B
'. i NS
54
frame20171102.0 o= A
85344 frame20171101_1 frame20171101_1
23920 813 23928507

I
2o

.x

frame20171101_1

frame20171101_1

frame20171101_1
350_671

frame20171101_1
24407_302

frame20171101_1
24420 832

©

Open

v|® | Searchsni

frame20171101_1
23915758

frame20171101_1
23936078

i Lt

frame20171101_1

»

Pose

Estimator

4\ MathWorks

Labels and Poses
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MATLAB makes machine learning easy and accessible

Traditional Feature Extraction Classification Dog v
» Machine Boy x
Learning > :
Bicycle X
Convolutional Neural Network (CNN) Dog \/
Learned features [95%
Boy X
End-to-end learning > ©
®
Feature learning + Classification Bicycle %

Demo ‘\ 21



Complex workflows made easy with MATLAB

objl obj2

I@I -

Eoe o8@

r

obj3 obj4 J

Training data

Preprocessing

4\ Color Thresholder - HSV

THRESHOLD

LOAD IMAGE | GOLOR SPACES MODIFY MASK

Detect regions

& (e S_l @ Background Color: [l 5 *: e (
'={ Zoom out
Loadimage MNew Color Space InvertMask  Reset  Background Opacy: @ Show Bnary Live :
: i ] G createMask (videoFrame
VIEW MASK 200M A

Hsv

% Fill image regions
imfill (BW, "holes'
Get bounding boxes

regionprops ('table

! targetIndex stats.Area >
Get bounding boxes from

testFeatures (k, :) extrac

( )

&\ MathWorks:

¥ A # # *
» f F »* %
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¥ * * * x
—
box % X
{ =~ # » # : St .
>~ N\ \\\ r / ) N
—_—— \. J
Feature Extraction Training
f Classification Leamer « Confusion Matri ... o A = W 7
DI PREEES) -
@ - K O B ¢
Advanced  Train Scatter Confusion  ROC Cunve Export
sssssss Gaussian ... Plot Matrix Model +
TRAINING PLOTS EXPORT

Data Bro.. @
¥ History

1

Filter based on area sizku

Predictions: model 1
Last change: QUi

=}
N
@

o
[N]

column_2

[=}
o

~ Current mo.

Model
number 1

(=}

Status:
Trained
Accuracy:
99.2%
Prediction
speed
~230
obs/sec
Training
Time:
22 813 secs

o
o
(3]

Original Dataset: trainingData Observations: 753 Predictors: 1764

Confusion Matrix

Plot
Data
©) Model predictions

& Correct 4

Plot

@ Number of observations

True Positive Rates
False Negative Rates

Positive Predictive Values
False Discovery Rates

491

5

What is the confusion matrix?

*®  Incorrect v
Predictors
X |column_1 -
1 26
v. | column_2 >
»
2
Classes 8
|l o
- @
v 1 3
v -2 3
v 3
q !
4
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How to investigate features

Response Variable: ¢olumn_1765 Response Classes: 4 Size of Dataset:

Predicted class

Validation: _5-fold Cross Validati
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Planning: Find a path

Map
Initial Pose iy

Final Pose

Path
Planner

sl Path

MATLAB EXPO 2019
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anLogc : /BandTaConfiguratian
{rabosCommandOut Made = ROBOT_CMDS_IDLE;
rebotCommandCut. JaintCmd = zeros(ROBOT_HUM_JCHIMTS,

nnanrcnmm.unn

eniry:
rebatCommandCOut Meds = intd2(lacoCammanditades IDLE )

|userCommand Enatle ==fake] l [userCommand. Enable == true] o~ . 1
ndToGanig
Op-unanpel eniry:
rabotCommandOut Mede = intd2{JacoCommandhiodes. SEND_POSITION_CMD)
% Opcm Gripper rabatCommandOus JaimCmd = qCmed;
- fomd = OPEN_FINGERS_POS; intErmar = Ind:
'\!» serd(E_send_gripoer_cmd, ConrolGripperk; cuning
jntErrar =calclartP osErmcefqCend,.
robotEate Positicrs] ROBOT_NUM_J0MNTS, 1)l
[infComtralGripper Waking)] ext:
mb-anmrrmnOul Mode = intd 3 JacoCommandidodes. iDLE];
ToRickngHomesas serel(E_arived_to_conéioMainLagick
eniry:
gimd = PICKING_HOME_POS; !
serd|E_send_to_config, SendToCan figuration]: i
exil:
isPicking = true:

l fin| SzndTeCanfiguration. Waiting|]

) 2

Plan with e

% find abject spedfy by usar.
SelectRandomObject ebjectToPick = userCommand. ObjectTaPick:
. ot auring 5 . [FoundObject abjectPasition] = getleiectedChjectingo]
F=— 2| % if abjects, Select first chject aobjectToPick,visionObjects DetectedObjects. visian O bjects. Positions);

Stateflow

{BerdTahpproachPas
aniry:
% Set approaching pose
poseCmd = [abjectPosition]1]);

ohjsctPesition]2 1

APPROACHING POSE_MEIGHT,

APPROACHING_POSE_EZVX];
% Gat actual joint positicns % use as nfal seed (o the K
ghct = mabotState Postions| 1-ROBOT_NUM_JOINTS, 1)
% Schea inversa knematics

W”"ymn t.Control

ihe: com mand

(Wailing

ey after(d 5 sec
it

Gripper

lubn'Cmmarr:IUuU\hﬂe int32({ JacoCommandModes SEND_FINGER_CMD);
rabosCommand Out FingerCGmd = fCmd
fingerErr = Ind;
during
SrobotCommandCut r.\o:c in22 | acoCommandModes IDLE);
fingarErr = caicFing or{$C md,
rebatS .| Pnsllnn:{ROQOT NLIM JOINTS=1 (ROBOT_NUM_JOINTS+
exit:
lumeDmmandOuU\hﬂr = mt‘!.’!l.lacu[!nmlrnnduud:ﬁ.IBLEl;
send MainLagici
xfl'u;cfErr <= =|N._-ER POS_MilN_ERROR

# m\alidSol == Irue
send(E_ser fig, SendToCanfiguration);
and

{SendTaDmppingPoss

- SendTaPickingPose MATLAB Function e = calcdpintPasEmanigl g2
% Set dropping pose em;y:
possCmd = OBJ DROPPING _POSES |5, chject ToPick); % Sat picking pa .
% Get actual joint posfions fa use as initial seed o the K poseCmd = TGNF“PDG"“"( x
gt = rabotState Positions|1:ROBOT_NUM_JOINTS, 1} g"’mﬁ"’;“:c""sg P MATLAB Functian |:u1:c,bnch,L-. abjeciPas thrr’\.ll| = ;nunle:::c,bncu .
% Solve inverse kinematics g L . f
[gCmd s\alidSol] = calcacoinversekinematicsSFposeCmd qAct); . PICKING_POSE_EZYX);
% If waiid scluion, sand the command % Gt achsal jont positions to use as initial seed o e 1K
if igValid Sol == rue qﬂ;‘ = robat3tate. Positions 1:ROBOT_NUM_JOMTS, 1]; nk Function [gout,sValidOut] = calclacalnverseKinematicsSFi posein, ging|
— fig, SandToConfiguratian); % Saive imverse kinemadcs
En‘:" \ " Aguraian) [qCmnd,isWalidSal] = calclacoinvamsetinematics SFlpossCmd, gict | raa P 1
i % (valid soluticn, send the command == — = 0 S N
4 isvaltSol == s St e g P LT U
send| snd_% fia, SendTaCanfiguraticni;
end

d“m: L3
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Control: Explore Built In Functions: Inverse Kinematics

% Create ik solver object
ik=robotics.InverseKinematics ('RigidBodyTree’,

jaco)
$ Disable random restarts
ik.SolverParameters.AllowRandomRestart = false;

% Parameters to pass to the solver
weights = [1, 1, 1, 1, 1, 171;
g init = 0.l*ones (numel (g home),1);

twoJointRigidBodyTree

Y Pose
Config P

3 Weights

Info [P

N InitialGuess
EE: tool

Inverse Kinematics

4\ Figure 7 B
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Key Takeaway of this Talk

Success in developing an autonomous robotics system requires:

— Multi-domain simulation

— Trusted tools which make complex workflows easy and
iIntegrate with other tools

— Model-based design

&\ MathWorks:
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Clearpath Robotics Accelerates Algorithm Development
for Industrial Robots

Challenge

Shorten development times for laser-based
perception, computer vision, fleet management, and
control algorithms used in industrial robots

Solution

Use MATLAB to analyze and visualize ROS data,
prototype algorithms, and apply the latest advances
In robotics research

An OTTO self-driving vehicle from Clearpath Robotics.

Results “ROS is good for robotics research and development, but not for
= Data analysis time cut by up to 50% data analysis. MATLAB, on the other hand, is not only a data
= Customer communication improved analysis tool, it's a data visualization and hardware interface tool
= Cutting-edge SDV algorithms quickly as well, so it’'s an excellent complement to ROS in many ways.”
incorporated - llia Baranov, Clearpath Robotics

Link to user story

32


https://www.mathworks.com/company/user_stories/clearpath-robotics-accelerates-algorithm-development-for-industrial-robots.html
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Training Services

Deep Learning with MATLAB

This two-day course provides a comprehensive introduction to practical deep learning
using MATLAB®.

Topics include:
Importing image and sequence data

Using convolutional neural networks for image classification, regression, and object
detection

Using long short-term memory networks for sequence classification and forecasting
Modifying common network architectures to solve custom problems
Improving the performance of a network by modifying training options

&\ MathWorks
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