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anLogc : BandTaConfiguratian
{rabosCommandOut Made = ROBOT _CMDS_IDLE;
robaotCommandCut.laintCmd = zeras(ROBOT_NUM _JONTS,

nnanrcnmm.unn

eniry:
rebaotCommandOut Mods = intd2(JacoCammandiades IDLE):

|userCommand Enable ==falss] l userCommand. Enatle == true
ndToGanig
CpanGripper eniry:
eniry: rabatCommandCut Mode = intd & JacoCommandiades. SEND_POSITION_CMD);
% Open Gripper rabatCommandOut JamCmid = qemd:
- fCmd = OPEM_FINGERE POS; jntErrar = Ind;
L send(E_send_grpoer_omd, ConrolGripperk during:
1 jntErrar =calclartP osErmor{qCmd,
robotSsate. Pasiticrs 1-ROBOT_NUM_JOINTS, 7))
[infComtralGripper Waking)] ext:
rabotCommandOut Mode = intl 3 jacoCommandiodes IDLE);
ToPickngHomesas send(E_arrived_8 o Mairkagicl

iy

gimd = PICKING_HOME_POS;
serd|E_send_to_config, SendToCan figuration]:
exil:

isPicking = true:

l fin| SzndTeCanfiguration. Waiting|]

S B L (Waiting
L D_MODES_SOR o—y aniry: arfter|0.5,sec
‘ eniryduring: it
- % find abject spedfy by usar.
SelectRandomObject ehjectTaPick = userCammand. Objsc \'.leC
entry, during: [FouncCiject abjectPasition] = o

abjects, Select first cbject

ToPick, visionOb| Diesacied: 3 0 t=. Positions];
% foundObject = selectObject(); ohjec e pocks. Oqzc kL= R

Gripper

lubu'Cmmm:iUuLMuﬂe 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 .| Pnsllluns{RﬂQOT NLIM JOINTS=1 (ROBOT_NUM_JOINTS+
it
robosCommand Out Mode = |nt‘32|JacuEDrnm|dMud|:5.lﬂLEl;
aink agic);
rm ERROR

(SerdTaApprachPas
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 = robotState Postions| | ROBOT_NUM_JOINTS, 1)
% Schea inversa knematics

"mﬁtnﬁb”ﬁtrol

the command
# mValidSol = |r||E
send(E_ser fig, SendToCanfiguration);
and
in inie f

{SendTaD P

et :d e SendToPickingFase MATLAR Function e = calcdpintPasEmangl g2)

% Set dropping pose =m;y:

poseCmd = OBJ DROPPING _POSES| 15 ohject ToPick): o Set pckng po: .

%, Get actual joint posons fa use as initial seed b the 1K DDGECTH = ?ﬂh)!r.lpnﬂllnn( b

ghct = robodSlate Posgions|1:ROBOT_MUM_JOINTS, 1) ohjectPasitian( ) MATLAB Funchian |:J1:c,bnch,L-. abjeciPos u:n-’\J|| = ;nunle:::c,bncu .

% Solve inverse kinemalics HCklNG_PUSE_HEIGI—!T, , .

|nCrru.=W|nSnl| = cakJacoinversaKinematicsSF (possCmd gAct);  PICKING POSE_EZYX];

% If valid solution, send the cammand % Get achual jond positions to use as initial seed o e K
if igValid Sol == rue qﬂ;‘ = robat3tate. Positions 1:ROBOT_NUM_JOMTS, 1]; nk Function [gout,sValidOut] = calclacalnversekinematicsSFiposein, ging|
fig, SendTelondiquratian); % Eolve imverse kinematics

En;c“[ : L [qCmnd,isWalidSal] = calclacoinvamsetinematics SFlpossCmd, gict | rS + 1

% (valid soluticn, send the command "N NN
TLAB Funcicn e = caicigegReefaf i RIU | U]
f isWialidSal == true
send| snd_% fia, SendTaCanfiguraticni;
and
du L
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% Create ik solver object

k = robotics.InverseKinematics ('RigidBodyTree', jaco2n6s300)
% Disable random restarts
ik.SolverParameters.AllowRandomRestart = false;

s Parameters to pass to the solver

weights = (1, 1, 1, 1, 1, 1];

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

|_|.

\°
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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

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

MATLAB EXPO-Bfhgerston

“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

33
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ClearPath Robotics g T MI#1.2& A hniE & 5%

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 tb'(LEF S8 <P0 2018

4\ MathWorks

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

34
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Voyages BB 5 i FEFF & Y\ =5 ]

' VOYAGE

»
Challenge \ o ¢
Develop a controller for a self-driving car to follow a target G e N N
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
iImported into MATLAB using Robotics System Toolbox.
Deploy the controller as a ROS node using Robotics System
Toolbox. Generate source code using MATLAB 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 Simulink for 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 tb1EF S8 PO 2018 3
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The Challenge

-

Deve|ep a control system for an underactu-
ated bipede| robot with 13 degrees of

freedem

The Solution
Use Model-Based Design with MATLAB

and Simulink to model the |egs and torso,
develep and simulate the control elge-
rithms, and generate code for the real-time

implementeﬂen

The Results

* Controller development accelerated
¢ Focus on high-level eb]eeﬁves main-
tained

. Appreeeh edepfed at other institutions

UNIVERSITY OF
MICHICAN

“When other researchers see
that we’ve gone directly from
controllers developed in
MATLAB and Simulink to a real-
time implementation with
Simulink Real-Time, they get
pretty excited. The approach we
took is now being used in other
departments at the University of
Michigan and by robotics
researchers at other universities,
Including MIT and Oregon State
University.”

- Prof. Jesse Grizzle,

University of Michigan

4\ MathWorks

36



4\ MathWorks

FestoR A ETHRE T & SIFE N E

Challenge

Design and implement a control system for a pneumatic
robotic arm

The Festo Bionic Handling
SOIUtion Assistant. Image © Festo AG.

Use Simulink and Simulink PLC Coder to model,

simulate, optimize, and implement the controller on a _ 4.

Design enables us to develop the

Results
= Complex PLC implementation automated
= Technology and innovation award won

= New business opportunities opened Assistant and other mechatronic
designs. With Simulink PLC Coder, it

IS now much easier to get from a

sophisticated pneumatic controls
required for the Bionic Handling

design to a product.”

Dr. Rudiger Neumann
Festo
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http://www.mathworks.com/company/user_stories/festo-develops-innovative-robotic-arm-using-model-based-design.html?by=company
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Preceyes KA ETHRELG I ME R FE—NRPMFARNB[ANFL

Challenge

Develop a real-time control system for robot-assisted
surgical procedures performed within the human eye

Solution

Use Model-Based Design with MATLAB and
Simulink to model and simulate the control system
and use Simulink Coder and Simulink Real-Time to

. . The PRECEYES Surgical System. Image copyright
deploy it to a real-time target and courtesy Preceyes.

Resul
esults | I | ‘MATLAB and Simulink provided a single platform that supported
|
Dev_e opment Core controller developed by one our complete workflow and all the components and protocols we
engineer

: needed for our robotic system. That enabled us to quickly
= Patient safety assured

_ o develop a safe, real-time device, ready for clinical investigation.”
= Road map to industrialization set

- Maarten Beelen, Preceyes

Link to user story
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https://www.mathworks.com/company/user_stories/preceyes-accelerates-development-of-worlds-first-eye-surgery-robot-using-model-based-design.html
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