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%% Connect to ROS

.. ROS ROS
rosinit "192.168.204.144"; IsNew [> Value [
Subscribe Get Parameter
. M ErrorCod
%% Create subscribers . /my_topic sop Imy JJaram"or °p
imSub = rossubscriber('/camera/rgb/image raw'); Subscribe Get Parameter
scanSub = rossubscriber('/scan');
ROS ROS
22 Create Publisher Msg Publish )Value Set Parameter
[velPub, velMsg] = rospublisher('/husky velocity controller/cmd wvel'); & - /my_topic /my_param
Publish Set Parameter
. . User Commands
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. . avoidObstacles / -\
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jrabosCommand Out Mode = ROBOT_CMDS_IDLE;
robotCommandOut JointCmd = zeros(ROBOT_NUM_JOINT

tingForCGammand

eniry:
rebatCommandOut Meoda = intd 2{ lacaCammandiiades IDLE )

|userCammand Enable ==fakse]

DpanGripper
ent

I:mdc_ send_gripper_cmd, CDﬂl’DlGrppa(::

J [userCommand. Erabie == true]

[in{CorralGrinper Waiting|]

'I'nPinkngHumePa:

qud PICKING_HOME_POS;

serd(E_sand o _confia, SendTaCanfiguration);
exit:

isPicking = true-

L jin{ZendToConfiguration Waiting|]

ndTeCanfig
enry:
rabotCommandCut Mede = ingd2{ acaCommandiodes. SEND_POSITION CMD);
rabatCommandCut JomCmd = gCmd;
jntErrar = Ind;
during
jntEsrar =caiclortP os Ermor{qCmd,
robctState. Positionsd ROBOT_NUM_JOMTS, )k
it
rabotCommandCul Mede = ingd2{dacaCommandiodes IDLE},
send(E_arrived i, MainLogick

SelectRancomObject

antry,curing:
2| % i abjects, Select first object
% foundCibject = selectCibject(};

indObject
entry,during:
% find abject spefy by usar.
ohjeciTaPick = userCammand. Objec uPrc
[foundObject abjectPasition] = g

s
abjectToPick visicnOijects | Dehu:leﬂﬂb‘rcls wisianObjects. Positions);

{EerdTaApproachPas

aniry:

% Set approaching pose:

poseCmd = fobjectPosition 1);
ohisctPosition[2;
APPROACHING _POSE_MEIGHT.
APPROACHING POSE_EZYX];

% Sohee inverse kinematics

S the command
#s\alidSol == true

and
N,

% Get acaual jort positions 0 use as nal seed (o the K
robotState. Postions| 1 ROBOT_NUM_JOINT

ypoint Control

send(E_send 1 fig, SendToConfiguration;

{Send TaDroppingFose
erviny:
% Se4 drapping pose
posaCmd = OBJ DROPPING _POSES] 15, chject ToPick];
% Get actual joint posions 10 use as infial seed ta the 1K
ghict = robotStabe Pas tians|1:ROBOT_NUM_JOINTS. 1
% Sole inverse kinematios
[gCmd isValidSel] = calclacoinversekinematics S FijposeCmd g}
% If walid sclution, send the: command
if isvialidSol == IruE

sandiE fig, SBandToConfiguratian;
erd;

(Waiting

ankry: after(d 5, sec
axit:

Gripper

Control
dtrmerced N U T TUN U
rabesCommand Out Made = int32| JmcoCommandMades. SEND_FINGER_CMD);
rabotCommand Out FingerGmd = fGmd
fingarErr = ird:
during
SarobotCommandCut.| r.\o:c int32{JacoCommandiodes IDLE);
fingerErr = calcFing ceffmed
robatState. | Pwlnns{ROBOT NLIM JUlNTS— [ROBOT_NUM_JOINTS+
exit:
robosCommand Out Mode = int32({ JacoCom mand Modes IOLE];

SendToPickingPasa
antry:
% Sot picking pass
poselmd = %dh)ll:lpnslllﬂl![']
ohjsctPosition]2)
PICKING_POSE_HEIGHT:
PICKING_POSE_EZVX];
% Gert achual joint positions bo use a5 initial seed o e K
ghct = mobatState. Positicns( :ROBOT_NUM_JOMTS, 1);
% Solve imeerse kinemalics
laCmd.isValidSal] = calcacoinversekinematicsSF{poseCmd, ghct);
% Hwalid salution, s=nd e command
fisValdSal == Iluc
send| =nd_# fig, SendTaCanfiguration);
and

dug
Unng Cooe Nere.

send|E_a MainLagick
SfingerErr = 5_MiN_ERRTIR
MATLAB Function am = calcpintPasEmonigl g2)

MATLAB Function II:J1|:CDI:CLCL'. aby Ecl[—o; Lll:rr'\JI| = ;l:lJl:lc::l:(.Dl:cU nlaf...
sin_ob
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File Edit View Insert Tools Desktop Window Help N
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[o)

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

) 0.8
Jaco)

[o)

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

% Parameters to pass to the solver
weights = [1, 1, 1, 1, 1, 11;

g init = 0.l1*ones (numel (g home),1);

Demo
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Challenge
Develop control systems for a two-armed mobile
humanoid robot with 53 degrees of freedom

Solution

Use Model-Based Design with MATLAB and Simulink
to model the controllers and plant, generate code for
HIL testing and real-time operation, optimize
trajectories, and automate sensor calibration

Results
= Programming defects eliminated
= Complex functionality implemented in hours

= Advanced control development by students
enabled

o
- S
|
i ‘

e

3 =

DLR’s humanoid robot Agile
Justin autonomously performing
a complex construction task.

Link to user story

“Model-Based Design and automatic
code generation enable us to cope
with the complexity of Agile Justin’s
53 degrees of freedom. Without
Model-Based Design it would have
been impossible to build the
controllers for such a complex
robotic system with hard real-time
performance.”

Berthold Bauml
DLR

35


http://www.mathworks.com/company/user_stories/dlr-develops-autonomous-humanoid-robot-with-model-based-design.html?by=company
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ClearPath Robotics R TAH 2 AIIREEF %

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

Results
= Data analysis time cut by up to 50%
= Customer communication improved

= Cutting-edge SDV algorithms quickly
incorporated

Link to . user.story.

An OTTO self-driving vehicle from Clearpath Robotics.

“‘ROS is good for robotics research and development, but not for
data analysis. MATLAB, on the other hand, is not only a data
analysis tool, it’s a data visualization and hardware interface tool
as well, so it’s an excellent complement to ROS in many ways.”
- llia Baranov, Clearpath Robotics

36


https://www.mathworks.com/company/user_stories/clearpath-robotics-accelerates-algorithm-development-for-industrial-robots.html
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' VOYAGE
B

Challenge

Develop a controller for a self-driving car to follow a target
velocity and maintain a safe distance from obstacles

Solution

Use Simulink to design a longitudinal model predictive
controller and tuned parameters based on experimental data
Imported into MATLAB using Robotics System Toolbox.
Deploy the controller as a ROS node using Robotics System
Toolbox. Generate source code using Simulink Coder into a
Docker Container.

Voyage’s self driving car in San Jose, California.

“We were searching for a prototyping solution that was

Results fast for development and robust for production. We
= Development speed tripled decided to go with Simuli.nk fo'r controller development
= Easy integration with open-source software and code generation, while using MATLAB to automate

development tasks.”

= Simulink algorithms delivered as production software
- Alan Mond, Voyage

Link to user story 37
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Challenge

Design and implement a control system for a pneumatic
robotic arm

The Festo Bionic Handling
SO | Utio n Assistant. Image © Festo AG.

Use Simulink and Simulink PLC Coder to model,
simulate, optimize, and implement the controller on a _ 4.
programmable logic controller “Using Simulink for Model-Based

Design enables us to develop the

Results - .
= Complex PLC implementation automated IERREtEC pneumatic controls
= Technology and innovation award won required for the Bionic Handling
= New business opportunities opened Assistant and other mechatronic

designs. With Simulink PLC Coder, it
IS now much easier to get from a
design to a product.”

Dr. Rudiger Neumann
Festo

Link to user story

38


http://www.mathworks.com/company/user_stories/festo-develops-innovative-robotic-arm-using-model-based-design.html?by=company

MATLAB EXPO 2019

o

O

Thank vyou

4\ MathWorks

39



