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Robotic manipulator arm

Kinova Gen3 Ultra Lightweight Robot
Connection Program Partner

7 degrees of freedom

2-finger RobotiQ Gripper

ROS compatible
Position/Velocity/Torque control
Torque sensor in each joint
Embedded 2D/3D Vision
Portable (8.3 kQ)
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Perception
CAD-mode based pose estimation pipeline
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OmniVision® OV56
color camera

Intel® RealSense™
D410 depth camet

Pre-processing

RGB-D Image

Point Cloud
Reconstruction

Al Model

Object
Detection with
YOLOv3

Post-processing

Matching with
CAD models

6 DoF Object
Pose
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Motion Planning
Motion Planners for Manipulators
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manipulatorRRT

a bi-directional RRT planner that ships
directly in Robotics System Toolbox

MATLAB EX

Use existing and future planners

In Navigation Toolbox with

manipulators

« State space and state validators
for the robot and its environment

* Provides users with enhanced
capability and customizability for
users

Robotics System Toolbox

Navigation Toolbox

plannerBiRRT
plannerRRT
plannerRRTStar
plannerPRM
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Motion Planning
Generate the Right Trajectory for your Application
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Helper Function with Maximum Velocity 0.5 rad/s
2D Trajectory Position vs Time
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S :
=xample: Design Trajectory with Velocity Limits Using
Trapezoidal Velocity Profile Trajectory Trapezoidal Velocity Profile
Point-to-point motion with allowing Detail documentation on trapezoidal profile and helper
velocity / acceleration bounds functions to make it more accessible

QK.
Polynomial Trajectories Minimum Jerk & Snap Trajectories
Fully customizable 3" and 5™ order Smooth continuous motion with optional time allocation

polynomial trajectories
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Motion Planning
Joint Space Vs. Task Space Motion Planner
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Design control logic for robots
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decision logic for

reactive systems:
= supervisory control
= task scheduling
= fault management
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4\ Mechanics Explorers - Mechanics Explorer-youBot Arm ~ — ] X
jew Display art  Simulation Analysis Code To Help File Explorer Simulation View Tools Window Help v oA x
e . Vel Y RE W@d X ® D T | Viewconvention: v [0~
Mechanics Explorer-youBot Arm
p —
{Beltin ' Robot BeltOut : )
Empty Empty
v GoBeltin M ¥
(Beltin_Box ==1] 3«";7-6"“’" . | [BeltOut_Box==1]

,after(delayGripBox sec)

Beltin

entry:Gripper. GripBox

On
entry:Beltin_En=1;

5 MoveBox
GoBeltOut
entry:Way=2;

1 after(delayDropBox.sec)

sec) |

[after(delayShipBox,sec)
{BeltOut ShipBox}

1 [BeitOut_LC==1

after(delayBeltClearsec)

i G ®) 1x -} |Time o

fﬁove_Rohot_ScanFo&\linP

N—

[IsReached == 1]
{IsReached = false}

ﬂ;‘s {_Grasp_Pose \

~—

[IsPoseAcquired == 1]

rﬁweikcbcLPusmnm \

[IsRd
{IsRd

| S——

This example subscribes to various ROS messages

which contain information regarding the object position in

an image and use different frame transformation to

calculate part position in the world frame.

Once the part position is identified, inverse kinematics is
used to compute the joint configuration to pick the object.

The Robot is then commanded to reach the position and

close the gripper via ROS service and ROS action,

respectively.

ove_Robol_Position2

IsReached == 1]

Stop_Simulation

[IsReached == 1]
Move_Robot_Position3

[IsReached == 1]
{IsReachqd = false}
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Manipulator Hardware Support
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Kinova Gen 3 Hardware

Support Package

Robotics System Toolbox Supported Hardware
Support for third-party hardware

¥ Get Support Package Now

Manipulator Setup

[#] Hardware Setup

Robotics Manipulator Setup

1. Select Manipulator and Interface
Select the manipulator supported by Math¥Works and
the corresponding interface options

L)

Prepare Host

Select a configuration based on how the manipulator
is connected to the host computer. The setup screen
will help you in validating the configuration

o

. Configure Network
Configure network adapter of your host computer ta
establish comrmunication with the connected
manipulator.

Ea)

Test Connection

Test network connectivity between the manipulator
and the host computer. Acguire joint angles and
werify connection with the manipulatar.

t

. Finish Setup

D F O

About Your Selection

The Robotics Systems Toolbox support
package for manipulators helps you to
connect and contraol robotic manipulators

‘What to Consider
Following manipulstors are supported by
this support packages. Visit individual
manipulstor's documentstion for more
details

= Kinova Gend

= Universal Robots

MATLAB EXP

R2020b
MATLAB MEX Interface

ROS Interface

MASTER

Registration

/matlab_global /my_gen3/my
_node _gen3_driver

11
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Manipulator Hardware Support

Kinova Gen 3 Hardware

Support Package

Connect to the Kinova
Gena3 robot manipulator
Use “Connect to”,
“Control”, and “Read
Sensors” commands
connect with Kinova Gen 3
and use examples

Configure Robotic Manipulator

MATLAB MEX Interface

Detect-and-Pick an Object -
Connected I/O using
MATLAB MEX interface with
Kinova Gen 3 Robot

Simulated / Object

Actual Image Detection

Object
Localization

Send
Calculate <
Traiector » Commands
J y to the robot

12
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4 UlFigure

GEN3 WAYPOINTS APP

oint3 Joint4

0 0 0 0 0 0 0 0
0.5000 -0.0070 0.2955 -0.0087 0.0036 0.0031 -0.2847 0.0124
1 -0.0116 0.4398 -0.0145 -0.0032  9.0735e-04 -0.3789 0.0240
1.5000 -0.6122 0.4898 -0.0486  .5.7488e-04 -0.0319 -0.4187 0.6828
2 -1.1519 -0.0074 -0.2918 0.6726 -0.0840 -0.6619 1.5071
2.5000 -1.1649 0.0508 -0.3548 0.5892 -0.0184 -0.6803 0.3602

-0.0086  1.6867e-04

h—

M Update Plot with Robot Feedback

4] Figure 1: Robot Visualizer - o X
Eile Edt View |nset Tools Desktop Window Help >
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ROS-based Applications
Connecting through ROS and ROS2
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= ROS network and
communication

— Live connectivity from
MATLAB and Simulink to
ROS and ROS2

- ROS Message

— rosbag data import and
playback

— Specialized ROS
message

"
Diagnostics

4 B3] EYEY B39 IR AFEN (I

SQFOIOWROS2 b

##4 Starting build procedure for model: signFollowROS2

I 3| | 990 Generating code md artitacts to “Model speciic® folder structure
& | 2| v Code Generation
13 5 #44 Generating code into butld folder: C: \
| g #¥8 Invoking Target Language Compiler on signFollowROS2.rtw
#44 Using Systen Target File: C:\Progrom Files\AATLAB\RIOIOB\ AW\ Clertiert. tle
%84 Loading TLC function Librartes
Sign Detection and Tracking with TurtleBot3 (ROS 2) ##2¢ Initial pass through model to cache user defined code
#445 Caching mode] source code
oot 2010 The Mators
e =)
— g
oy
2 | poss done o
o
?—|
o ;
iran [ J
s Gy ;
@Q ®
) S iy
p—
o
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Package and send the joint angle trajectory
Interpolate the joint trajectory at 1 ms rate

numSamples = waypointTimes(end)*1000 + 1;

[g,qd,qdd] = trapveltraj(jointWaypoints,numSamples, ...
‘EndTime',repmat(diff(waypointTimes),(7 1]));

waypointTimes = linspace(@,waypointTimes(end),numSamples);

Send a joint trajectory action to the robot arm

[trajAct,trajGoal] = rosactionclient( ...
*/my_gen3/gen3_joint_trajectory_controller/follow_joint_trajectory');

jointNames = {'joint_1','joint_2','joint_3','joint_4','joint_5','joint_6',"'joint_7'};

packagePrecomplointTrajectory(trajGoal, jointNames,q,qd,qdd,waypointTimes)

sendGoal(trajAct,trajGoal);

Send gripper command actions along the trajectory

pause(6)
[gripAct,gripGoal] = rosactionclient( ...
*/my_gen3/robotiq_2f_85_gripper_controller/gripper_cad');
gripGoal.Command.Position = ©.75;
sendGoal(gripAct,gripGoal);
pause(3)
gripGoal.Command.Position = @;
sendGoal(gripAct,gripGoal);

10wR0S2_ert_rtw

MATLAB BEXlPO
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ROS-based Applications
Deployment of CUDA ROS node
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ROS-based Applications
Deployment of stand-alone ROS nodes

« ROS node generation

Systems | .
[/ cotneemng_| — Node generation from
AR i Simulink for prototyping
[®7 Sense & Perceive and deploylng

autonomous systems
— C++ ROS node

@ Plan & Decide

T Conmol generation for path
planning

~ CUDA ROS node

o generation for YOLOvV3

object detection

r 10X faster

MATI
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Hardware Platform: Physical Modeling
Importing robot model from SDF and URDF

Gazebo World or *.SDF

importrobot

¥
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File Edit View Insert Tools Desktop Window Help

Déde @ 0B RE

L

rigidBodyTree Object

URDF

importrobot smimport

smimport()

importrobot()

MATLAB BEXlPO

CAD Assembly

smimport

¥

@ Mechanics E - Mechanics Expl ithSimscapeRobotAndEnvi Dynamics - o X

File Explorer Simulation View Tools Window Help sl
RE Q02 JWRATIT O I e H |3 B | Viewconvention: v || @ | B & Q>0 v
ics Expl i P dEnvi Dynamics |

§@ Qe I @ —— | o

Multibody Model
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Hardware Platform: Physical Modeling
Mechanical Modeling : Control of sequential operation — supervisory logic

Systems

=V Engineering

Autonomy Algorithms

Sense & Perceive

.

@ Plan & Decide

!

Control

I

B

Connect / Deploy

A EEEEEEEEEEEEEEER

EEy

ASEEEEEEEEEEEEEEEEEEEEEEEEEER?®

*

MATLAB BEXlPO

Py Stateflow (chart) sm_7DOFmanipulator_sequence/Operation Sequence Control/Sequence * - Simulink - ] X | 4\ Mechanics Explorers - Mechanics Explorer-sm_7DOFmanipulator_sequence - ] X
File Edit View Display Chart Simulation Analysis Code Tools Help File Explorer Simulation View Tools Window Help ¥|ax
[ [ | T T
— @ Jo 4@ @/H- > — - oo QA(OOL X FFTTH T 3|6 | H 5 viewconvention: ||| & | *[0 ]
| |- | Mechanics Explorer-sm_7DOFmanipulator_sequence |
sm_7DOF & > X
M
@ ( 2 N N S, 5
Beltin ? Arm ? Gripper ?
On Home Closed after(Gtask sec) WaitForLoad
B entry: BeltsCMD.ENBeltin = entry: ArmCMD.AControl = 0; entry: GripperCMD.GControl = 0; entry: BeltsCMD.ENBeltOut
BeltsCMD.ENPLONBeltin = ArmCMD.ENAm = 0; GripperCMD.ENGripper = 0; BeltsCMD.ENPLOnBeltOut
o [Sensors.LCin] Jl GetLoad ‘]’ OpenGrip ShipLoad il
LoadReady HomeToPick Open Close On
:Of entry: BeltsCMD.ENBeltin = 0; entry: ArmCMD.AControl = 1; entry: GripperCMD.GControl = 1; entry: GripperCMD.GControl = 2; entry: BeltsCMD.ENBeltOut = 1; : 4
Gripper.OpenGrip ArmCMD.ENAm = 1; GripperCMD.ENGripper = 1; GripperCMD.ENGripper = 1; < m
“ | after(Ttask sec) after(Glask sec) CloseGrip T [Sensors.LCOut]
O WaitForGrip WaitForShip LoadReady
entry: AmCMD.ENArm = 0; ;| |entry: GripperCMD.ENGripper = 0; entry: BeltsCMD.ENBeltOut = 0;
(@] Gripper.GripLoad after(Ttask sec) | | [ Arm.GetLoad BeltOut, ShipLoad Am.GoHome * "
L ReadyNext [Loop] MoveLoad l GripLoad after(Gtask,sec) T Gripper.CloseGrip .
PickToPlace Grip Release
e:rt;‘yc mgnz.AOontml =2 entry:GripperCMD.GControl = 3; entry: GripperCMD.GControl = 4;
A rm = 1; GripperCMD.ENGripper = 1; GripperCMD.ENGripper = 1
4 e BellsCMD.ENPLORAMm BeltsCMD.ENPLOnBeltOut ) =l
E BeltsCMD.ENPLOnBeltin = 0; BeltsCMD.ENPLONAm = 0;
i) WaitForRelease
; after(Gtask,sec) il 1
ea ad -
® WorForResa Hold oot WaitForRestart
¢ GoHome entry: GripperCMD.ENGripper = ;} entry: Beltin.ReadyNex! =
| I O .MoveLoad
= PlaceToHome Artfave L os X
&= entry: ArmCMD.AContr¢ 3
ArmCMD.ENArm
@B | A 4N 7 A
= @ s = =
: ! )@ \ — | Time|
Ready 100% ode23t ww ®Q) 10301 @ L2/ J_ funed0
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