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ROS: Robot operation system L o Lot
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* Robotig’s robot grippers,
* MARA'’s robot arm

* Robonaut 2 of NASA :laboratory applications, field tests and implementations

within the International Space Station.

Plumbing

Capabilities Ecosystem


https://www.eenewseurope.com/news/robot-grippers-are-ros-20-native
https://medium.com/hacksters-blog/new-mara-robot-arm-is-completely-modular-with-ros-2-0-running-in-every-module-6f95604ac24
https://robonaut.jsc.nasa.gov/R2/

ROS—-1 Roadmap

Low Cycletime Motion
Cached Planning

Low Cycletime Planning
Heuristics _~"

Native Robot I/0 (2)

Smooth, Collision-free Plans for
Complex Environments (3)

Native Robot Trajectory Generator
Coordinated Motion

Force Control (High Speed) (3)

Multi-Arm
Independent

EtherCAT (3)

Follow Geometric Constraints and

Hardware Interfaces (10)
Process Degrees of Freedom (3)

CAN (2)

Field Buses (5)

ProfiNet

Accuracy Performance

Modbus/TCP
Ethernet/IP
Ad Hoc
Standards
Formal

Path Planning (12)
Measurement

3D Printing (1)

CNC (2)
Welding (1) Process Specific Planners (5)

Material Removal (1)

Cloos
Robot Interfaces
Painting

GUI Widgets (2)
Human Interaction (1)

=~ Dynamic Replanning (1)
Dynamic Environments _~

Kinematic Visualization (3)
Human Interfaces (7)
-

Teach by Visual Demonstration (1)
ROS-I Roadmap

Platform Planning for Manipulation
Line Following

Gesture/Voice Commanding (1)
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Human Tracking in Workspace
Reach/Placement Optimization (1)
CAD
Workspace Modeling (2) Mapping (1)
o i "~ Rapid Model Generation
TN\ Localization (2) Mobility (3) Automated Exploration (Arm)
Camera Fiducial Tracking (2) _~"
. Manual Scanning
Coordinated Arm/Platform
Cluttered (Bin Picking) (2
Code Quality Metrics \ p, pumterec (Bin:Fic mg_)i(__»)
4 [ Singulated (6 DOF) (4
Windows Support \ [ —~ nguelecSDONE,
\ / CAD
Offline Programming from CAD e
/' Simplified Teachin: /  Scan
CAM Interfaces (G-Code etc.) (2) | o J f
Supporting Services (2)
Training/Tutorials
IDE
Templates \_ Development Tools
State Machine /

. Human Verification
Higher Resolution
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Automated Scanning Methods
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ROS—Industrial & z)xsnue

N o ok

Hardware Interfaces: new interfaces to other robot contorllers, sensors and actuators

Human Interfaces: new ways to interact with humans by "traditional” means such as graphical interfaces or

non-traditional means such as gesture commanads

Workspace Modeling: rapid generation of environement models and how to configure the robot within those

environments

Work-Object Pose Estimation: identification and locating known objects in unknown locations (unstructured)
Path Planning: determining optimal motion plans for a robot manipulator while obeying process constraints
Mobility: topics unique to mobile platforms including localization and navigation

Support Services: developer and user support such as training and documentation
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Path planning library L o st

*Movelt!: The Movelt! framework is actually a higher level construct that provides the facilities for various path

planning codes.
*OMPL: OMPL is library of sampling-based planners that are the defaults for ROS.
*SBPL: The search-based planning library is a graph search framework.

*OpenRave: OpenRave is a full environment for planning and simulation including a plug-in architecture for other codes.

*CHOMP: Optimization based planners.

*Orocos/KDL: Orocos is a larger framework for robot control including state estimation and realtime components. KLDL

provides kinematics solvers including trajectory planners.


http://moveit.ros.org/
http://ompl.kavrakilab.org/
http://wiki.ros.org/sbpl
http://openrave.org/
http://wiki.ros.org/chomp_motion_planner
http://www.orocos.org/kdl

Mobility

*Gmapping

*Hector SLAM

*RTAB-MAP (RGB-D SLAM)

*RATSLAM


http://wiki.ros.org/gmapping
http://wiki.ros.org/hector_slam
https://code.google.com/p/rtabmap/
https://code.google.com/p/ratslam/wiki/RatSLAMROS

ROS Package: Easy perception ﬁfm*ﬁ?‘ﬁi‘
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* GitHub - ros-industrial/easy_perception_deployment:
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Goals of ROS 2

Support multi-robot systems Remove the gap between
involving unreliable networks prototyping and final products

“Bare-metal” Support for Cross-platform
micro controller real-time control support
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* End to End solution
Publishing Vendor C Vendor B Subscribing
Application DDS DDS Interoperability DDS Application
Software Publisher . Specification " Library Software

Publish / Subscribe

talker

rclcpp

rmw interface

Connext |[|OpenSplice

listener

rclcpp

rmw interface

Connext ||OpenSplice
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C++
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Application
Software

Java
Standard
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* Deadline: LAY TaskFIH TR (8] B O
* Quality of Service: W& ii=. B FEbandwith, throughput, availability, jitter,

latency, and error rates.
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* airplane sensor and autopilot systems, spacecrafts and planetary rovers.
LB it deadline NN N R G LR
* audio and video delivery software for entertainment (lag is undesirable but not catastrophic).
P& SEBF (Firm real-time)

* R deadline MAARF R SRR G QoS KN SL RS

* Financial forecast systems, robotic assembly lines
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The RT_PREEMPT Linux kernel patch
Sylix
Vxworks

Xenomai, a POSIX-compliant co-kernel (or hypervisor)

* The Linux kernel is treated as the idle task of the real-time kernel’s scheduler (the lowest priority task).
RTAI, an alternative co-kernel solution.
QNX Neutrino, a POSIX-compliant real-time operating system for mission-critical systems

Windows with RT extension

* Intime/Ontime:--
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Fetch Robotics o 3 s

Continuous Rotation (58.75in)




ADLink ROSCube AMR & o) insme

LiDar Rviz Nodegraph Unified QoS

Motor RQT  TF monitor hardware API ® History e Depth

Camera Q Catkin e Reliability e Durability

Sensor % S e Ownership e Transport Priority
Arm Event handler improvement

ROS/ROS 2.0 ADLINK Neuron SDK

Gazebo OpenNI OpenSLAM Advanced DDS Implementation
AWS RoboMaker OpenSLAM

Microsoft Azure OpenCV n ® Basic DDS Pub-Sub mechanism
GAZEBO OMPL cu e Internal process speed up
A AZU re §° PCL OpenCV e DDS standard QoS

Movelt » Compatible with DDSI-RTPS™ Version: 2.2

AWS RoboMaker ) Movelt! e Support multicast communication
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Application



ROS2 FH : /s CyberDog

CyberDog

Bio-inspired Quadruped Robot

In-house developed
high-performance servo

32N-m

Maximum torque

220rpm

Maximum rotation speed

Centimeter-scale
obstacle avoidance and
navigation

Intel’ RealSense" depth module

Maximum Speed

n

ﬁ HARR
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NVIDIA® Jetson Xavier" NX
Al Supercomputer for
Embedded and Edge Systems

3kg

Maximum payload

128GB 6

Near industrial-grade microphone array
SSD

RENES
f.org
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* Turtlebot 3
* Open Manipulator




ROS2~ FH: Rover Zero, by Rover Robotics O 1) zxmmme

* Same procedure as the previous 2.
* EIAY Z#FROS FIROS2
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ROS2 v e—puck 2, by GCTronic. gty
* Cyberbotics A St 7 RERIROS2 IKkEf, o] UiE
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* Open software, open hardware. 8

proximity, VGA camera, 3D accelerometer,
3 microphones, Bluethooth.

4x digital
microphones

T
TYY

Extension

7cm
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