Robot modularity with Xilinx and H-ROS
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'Industrial, Vision Focus Applications

“Xilinx dominates the Industrial loT market with an 80% share.” -marketrealist.com, July 2017

> Principles driving Modern Robot Development
> Easy to develop software framework
>> Precise, deterministic control over scalable number of axes of motion
>> Connectivity over Industrial Ethernet incl. Time-Sensitive Networking (TSN)
>> Diverse sensor inputs, enabling sensor fusion
>> Real-time analytics and machine learning supporting predictive maintenance
>> Support for complementary Edge and Cloud Intelligence
> Compliance for functional safety and cybersecurity
> |ntegrated human machine interface (HMI) incl. voice recognition
> Smaller physical footprint and power through highest levels of integration
>> Extended lifecycle
>> Reliability over harsh environments

Robotics

...and Modularity
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'More Industrial Customers are Choosing Xilinx

Explosive Zyng® SoC design win activity beginning production ramp in FY2018

Xilinx Industrial loT & Vision revenue

ZYNQ>” ZYNQ”

UltraSCALE+

Scalable lloT Platforms from Edge to Cloud

FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 FY2017 FY2018

Processor Processor

Interfaces:

Traditional Role of Custom 10 + Since FY2013: General
Xilinx FPGAs as Industrial SoC Integration of Purpose Analog

Companion Chip g e o o Additional Functions | ErySSuNGs
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'Scalable Platforms Increase Development Efficiency

& XILINX. lloT Solution Stack

</> Application

Analytics & Machine Learning

Any-to-Any Connectivity
Smarter Control
Embedded Vision

@ OS/RTOS &
Hypervisors/Containers

D

Functional Safety &
Cybersecurity

QQ 0 9p

q

Silicon Architecture

Scalable lloT Platforms
from Edge to Cloud

Industry Challenge
> Develop a scalable platform across multiple Industrial 10T products

> Minimize development costs, especially software development

Xilinx Differentiated Solution
> Scalable embedded platform enabling reuse across product portfolio

> Xilinx and Ecosystem building blocks to accelerate designs
> Long lifecycle silicon with world-class quality and reliability

> Single chip support for full breadth of lloT requirements
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nsight and perspective on the robotics

andscape
H-ROS, a solution for robot modularity
The H-ROS SoM, empowering robot modularity

Capabillities of the new MARA modular cobot

A special limited time offer
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' Insight and perspective on the robotics landscape

System integration
supersedes many
other tasks when

building a robot

[1] Mayoral, V., Kojcev, R., Etxezarreta, N.,
Hernandez, A., & Zamalloa, I. (2018). Towards self-
adaptable robots: from programming to training
machines. arXiv preprint arXiv:1802.04082.
https://arxiv.org/pdf/1802.04082.pdf

[2] Mayoral, V., Kojcev, R., Hernandez, A., Zamalloa,
l., Bilbao, A.. (2018, August).Modular And Self-
Adaptable (MASA) strategy for building robots. In
Adaptive Hardware and Systems (AHS), 2018
NASA/ESA Conference.
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https://arxiv.org/pdf/1802.04082.pdf

' Insight and perspective on the robotics landscape

Programming
robots has been
the focus for the
last decade

[1] Mayoral, V., Kojcev, R., Etxezarreta, N.,
Hernandez, A., & Zamalloa, I. (2018). Towards self-
adaptable robots: from programming to training
machines. arXiv preprint arXiv:1802.04082.
https://arxiv.org/pdf/1802.04082.pdf

[2] Mayoral, V., Kojcev, R., Hernandez, A., Zamalloa,
l., Bilbao, A.. (2018, August).Modular And Self-
Adaptable (MASA) strategy for building robots. In
Adaptive Hardware and Systems (AHS), 2018
NASA/ESA Conference.
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' Insight and perspective on the robotics landscape

What i1Is ROS?

Il
+

Plumbing Tools Capabilities Ecosystem

/
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Insight and perspective on the robotics landscape

What i1Is ROS?

wiki.ros.org Visitors: July 2018

® Pageviews

Pageviews Unique Pageviews Avg. Time on Page Bounce Rate % Exit
2,204,869 1,682,363 00:02:54 45.81% 29.18%

S VR Ve Ve Vel il e VA VAV aNNYs * " I T

Site Content Page Pageviews % Pageviews
Page 4 1. /ROS/Tutorials 103620 [ 4.70%
Page Title 2/ 62152 | 2.82%
Site Search 3. /kinetic/Installation/Ubuntu 55985 | 2.54%
Search Term 4. /ROS/Installation 43803 | 1.99%
Events 5. /kinetic/Installation 37048 | 1.68%
Event Category 6. /cn/ROS/Tutorials 32,001 | 1.45%

7. /ROS/Tutorials/InstallingandConfiguringROSEnvironment 20,558 | 1.34%

8. /ROS/Tutorials/CreatingPackage 25635 | 1.16%

Site: wiki.ros.org
Source: Google
Analytics

Annual Growth: 21%

9. /ROS/Tutorials/WritingPublisherSubscriber(c++) 21,841 | 0.99%

B & % @ @ @ % % @ @

10. /ROS/Tutorials/NavigatingTheFilesystem 17,345 | 0.79%

/

rOoBOTICS Source: http://download.ros.org/downloads/metrics/metrics-report-2018-07.pdf (Z Xl |_| NX



Insight and perspective on the robotics landscape

What Is ROS?

/
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Insight and perspective on the robotics landscape

ROS already
addresses

many of the
programming
nheeds

[1] Mayoral, V., Kojcev, R., Etxezarreta, N.,
Hernandez, A., & Zamalloa, I. (2018). Towards
self-adaptable robots: from programming to
training machines. arXiv preprint
arXiv:1802.04082.
https://arxiv.org/pdf/1802.04082.pdf

[2] Mayoral, V., Kojcev, R., Hernandez,

A., Zamalloa, 1., Bilbao, A.. (2018,
August).Modular And Self-Adaptable
(MASA) strategy for building robots. In
Adaptive Hardware and Systems (AH

2018 NASA/ESA Conference.
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https://arxiv.org/pdf/1802.04082.pdf

STRATEGIES FOR BUILDING ROBOTS

TRADITIONAL

Insight and perspective on the robotics landscape

System Integratio
goes beyond
programming 79 s
robots

[1] Mayoral, V., Kojcev, R., Etxezarreta, N.,
Hernandez, A., & Zamalloa, I. (2018).
Towards self-adaptable robots: from
programming to training machines. arXiv
preprint arXiv:1802.04082.
https://arxiv.org/pdf/1802.04082.pdf
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Robot assembly

[2] Mayoral, V., Kojcev, R., Hernandez,
A., Zamalloa, I., Bilbao, A.. (2018,
August).Modular And Self-Adaptable
(MASA) strategy for building robots. In
Adaptive Hardware and Systems (AHS)
2018 NASA/ESA Conference.
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https://arxiv.org/pdf/1802.04082.pdf

Modularity for system integration >
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' Insight and perspective on the roboticsjtandscape

Modularity
reduces the
Integration

effort

[1] Mayoral, V., Kojcev, R., Etxezarreta, N.,
Hernandez, A., & Zamalloa, I. (2018). Towards
self-adaptable robots: from programming to
training machines. arXiv preprint
arXiv:1802.04082.
https://arxiv.org/pdf/1802.04082.pdf

[2] Mayoral, V., Kojcev, R., Hernandez, A.,
Zamalloa, |., Bilbao, A.. (2018, August).Modular
And Self-Adaptable (MASA) strategy for
building robots. In Adaptive Hardware and
Systems (AHS), 2018 NASA/ESA Conference.

IES FOR BUILDING

MODULAR

© Buy module

r)? Robot assembly
(plug modules)
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robot
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H-ROS, a solution for robot modularity
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'H—ROS, a solution for robot modularity 3-ROS

Hardware
architecture

Functional safety 4
and security

Middleware
and analytics

Application acceleration
and machine learning
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Advantages of H-ROS
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'H—ROS, a solution for robot modularity 3-ROS

Real-time capable link
layer

Hardware

Robot Controller Actuator 1 Actuator 2 Sensor architecture

[Application ] [ Application ] ((

Application ] [ Application ]

End point
~

End point
"~

] [ switcH
_PorT2| |PoRT1 [T _ :
‘"( """"" ]:2‘15' )| |G | "‘[ “““““ ]72‘16' Ty
MAC MAC
) G| (e )
(_pay )| |( Puy ) .
[3] Gutiérrez, C. S. V., Juan, L. U.
S., Ugarte, I. Z., & Vilches, V. M.
(2018). Time-Sensitive Networking
for robotics. arXiv preprint
arXiv:1804.07643.
& XILINX.
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H-ROS, a solution for robot modularity 3-ROS

Real-time capable link

2500 2500
Hardware
- architecture
2000 - 2000 [ (
— 1500 - 1500
2 5
g g & I
1000 f 1000 f; 2 W =
500 | 500 [3] Gutiérrez, C. S. V., Juan, L. U.
' S., Ugarte, I. Z., & Vilches, V. M.
: (2018). Time-Sensitive Networking
. . , | | o B e R e for robotics. arXiv preprint
250 200 150 100 50 0 0 2 4 6 8 10 arXiv:1804.07643.
Histogram count Test time (s)
& XILINX.
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'H-ROS, a solution for robot modularity +3-ROS

Real-time capable link
layer

Hardware
Robot Controller Actuator 1 Actuator 2 Sensor architecture
Application ' ' Application ‘. (\“
el e |
a) s| "azd "a T T
S R B N SR N | S i ) S R : =
i210 1210
( MgC ) H!\C
( F’*’ A : PRy
“ @
Texe|Trxs | [3] Gutiérrez, C. S. V., Juan, L. U.
| ||| Y estio | S., Ugarte, |. Z., & Vilches, V. M.
point (2018). Time-Sensitive Networking

for robotics. arXiv preprint
arXiv:1804.07643.
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H-ROS, a solution for robot modularity

Real-time capable link

layer

Link Capacity 1 Gbps. Network Load = 900 Mbps
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+3-ROS

Hardware
architecture

[3] Gutiérrez, C. S. V., Juan, L. U.
S., Ugarte, I. Z., & Vilches, V. M.
(2018). Time-Sensitive Networking
for robotics. arXiv preprint
arXiv:1804.07643.
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Advantages of H-ROS
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'H—ROS, a solution for robot modularity 3-ROS

Safety and Security

1 Safety: ISO 12100, ISO 10218

Functional safety
and security

2 Security: ISO/IEC 27032, SP800-37

3 Modularity: ISO 22166

I!CJBC]TIGS & XILINX.



Advantages of H-ROS

RTOS and g E
networking stack (&
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' H-ROS, a solution for robot modularity

+3-ROS

RTOS & networking stack

/

roBoTICS

userspace

kernel

Linux
network
stack

| Real-time talker [Best—eFFort talkerJ
socket socket
1 1
Lol
PROTOCOLS
(TCP/IP, UDP/IP..)
| |
QUEING DISCIPLINE
| TC cla.ssil’igation |
¥ 2 v
Qdisc Qdisc Qdisc
NETWORK DEVICE DRIVERS
L L
| Queue mapping |
| |

tx ring buffers

=

=

TX queues

=

[4] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Real-time Linux
communications: an evaluation of the Linux
communication stack for real-time robotic
applications. arXiv preprint arXiv:1808.10821.

& XILINX



'H—ROS, a solution for robot modularity
RTOS & networking stack: test setup

Round-trip Round-trip
client server
T1

|

/

roBOTICS

- ho-rt, we use a vanilla kernel.

- rt-normal, we use a PREEMPT-RT

kernel without binding the round-trip
programs and network IRQs to any
CPU.

- rt-affinities, we bind the IRQ

thread of the priority queue and the
client and server programs to CPU
1 of each device.

- rt-isolation, we run the roundtrip

application in an isolated CPU.

+3-ROS

[4] Gutiérrez, C. S. V., Juan, L. U. S,,
Ugarte, I. Z., & Vilches, V. M. (2018).
Real-time Linux communications: an
evaluation of the Linux communication
stack for real-time robotic applications.
arXiv preprint arXiv:1808.10821.

& XILINX



'H—ROS, a solution for robot modularity ++3-ROS
RTOS & networking stack: idle system

Idle
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1t . . . . L” - L |1 communication stack for real-time robotic
lications. arXi int arXiv:1808.10821.
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'H—ROS, a solution for robot modularity

+3-ROS

RTOS & networking stack: stressed system

Stress
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[4] Gutiérrez, C. S. V., Juan, L. U. S, Ugarte, I.
Z., & Vilches, V. M. (2018). Real-time Linux
communications: an evaluation of the Linux
communication stack for real-time robotic
applications. arXiv preprint arXiv:1808.10821.
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'H—ROS, a solution for robot modularity
RTOS & networking stack: concurrent traffic
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+3-ROS

[4] Gutiérrez, C. S. V., Juan, L. U. S, Ugarte, I.
Z., & Vilches, V. M. (2018). Real-time Linux
communications: an evaluation of the Linux
communication stack for real-time robotic
applications. arXiv preprint arXiv:1808.10821.
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Advantages of H-ROS
Real-time robotics ¢&

middleware ( 8
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'H—ROS, a solution for robot modularity ++3-ROS
Real-time robotics middleware: setup 1

/

roBOTICS

Robot controller <

Middleware
and analytics

[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
real-time framework for robots: Evaluation of ROS
2.0 communications for real-time robotic
applications. arXiv preprint arXiv:1809.02595.

& XILINX



'H—ROS, a solution for robot modularity ++3-ROS
Real-time robotics middleware: setup 2

ROS 2 ( ROS 2

publisher subscriber
DDS DDS
publisher subscriber
i
|
T1 | = Middleware :
| and analytics

! >

T2,&

[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
real-time framework for robots: Evaluation of ROS
2.0 communications for real-time robotic
applications. arXiv preprint arXiv:1809.02595.
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'H—ROS, a solution for robot modularity
Real-time robotics middleware: idle

System idle

1000 | : : : :
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roBOTICS

Round-trip latency (us)

+3-ROS

Middleware
and analytics

[

[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
real-time framework for robots: Evaluation of ROS
2.0 communications for real-time robotic
applications. arXiv preprint arXiv:1809.02595.
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'H—ROS, a solution for robot modularity ++3-ROS
Real-time robotics middleware: stress

System under load

10000 ; . ; ;
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1 m & Vilches, V. M. (2018). Towards a distributed and
[ ' real-time framework for robots: Evaluation of ROS
0 2000 4000 6000 2000 10000 2.0 communications for real-time robotic
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& XILINX.
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H-ROS, a solution for robot modularity ++3-ROS
Real-time robotics middleware: idle w/RT

System idle with RT settings
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[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
1 ¢ [T, , , , J real-time framework for robots: Evaluation of ROS
2.0 communications for real-time robotic
0 2000 4000 6000 8000 10000 . . . .
applications. arXiv preprint arXiv:1809.02595.
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& XILINX.
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H-ROS, a solution for robot modularity ++3-ROS
Real-time robotics middleware: stress w/RT

System under load with BT settings
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[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
1t Ll . real-time framework for robots: Evaluation of ROS
' ' ' 2.0 communications for real-time robotic
0 2000 4000 6000 8000 10000 applications. arXiv preprint arXiv:1809.02595.

Round-trip latency (us)
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'H—ROS, a solution for robot modularity 3-ROS

Real-time robotics middleware: stress W/RT
and background traffic, 1 Mbps

system under load with 1 Mbps concurrent traffic and BT seftings

1000 . T . .
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[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
real-time framework for robots: Evaluation of ROS
1t Il - ! ! ] 2.0 communications for real-time robotic
0 2000 4000 6000 8000 10000 applications. arXiv preprint arXiv:1809.02595.

Round-trip latency (us)
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'H—ROS, a solution for robot modularity 3-ROS

Real-time robotics middleware: stress W/RT
and background traffic, 40 Mbps

system under load with 40 Mbps concurrent traffic and RT settings
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1 ‘ | real-time framework for robots: Evaluation of ROS
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'H—ROS, a solution for robot modularity 3-ROS

Real-time robotics middleware: stress W/RT
and background traffic, 80 Mbps

System under load with 80 Mbps concurrent traffic and RT seftings
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[5] Gutiérrez, C. S. V., Juan, L. U. S., Ugarte, I. Z.,
& Vilches, V. M. (2018). Towards a distributed and
11 real-time framework for robots: Evaluation of ROS
; T T T Y 1T WY AT T W TN W 2 0 communications for real-time robotic
0 2000 4000 6000 8000 10000 applications. arXiv preprint arXiv:1809.02595.
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Advantages of H-ROS

Fast. Intelligent \4\:“
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'H—ROS, a solution for robot modularity

+3-ROS

Fast: accelerating robot software with hardware

application > SR g shared library
PP or executable
+
— occelerated
application

geometry tf

kdl

L= 7

geometry tf kdl

/

roBOTICS

Application acceleration
and machine learning

& XILINX



'H—ROS, a solution for robot modularity 3-ROS

Intelligent: powering a new generation of Al
methods for robots

Application acceleration
and machine learning

roBOTICS & XILINX.



H-ROS SoM | empowering robot modularity
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'H-ROS SoM | empowering robot modularity
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Introducing the first modular
collaborative robot:

XILINX  #Ncorronc
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MARA

Modular. Industrial.
Collaborative

& XILINX
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MARA
Flexible. Adaptable
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MARA
Extensible. Intelligent
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Please direct your attention to the
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w Y6 View MARA video

‘cindo

MARA
Get yours

http://acutronicrobotics.com
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'Promotional Time Sensitive Networking IP + HW Bundle

> Includes Pair of Development Systems, Example Design, Xilinx TSN IP
>> Single part number, AES-ZU-TSN-SK-G

>> 2 X Avnet UltraZed board SOM w/ Zyng UltraScale+ MPSoC,
2 x UltraZed-EG PCle Carrier Card,
2 Xx NEW Avnet Networking FMC

> Purchase Bundle through Avnet for $10,000
>> Orders must be placed by December 31, 2018
>> Regular price approximately $27,500 USD
>> http://www.ultrazed.org/product/tsn-hw-eval-kit

> Adaptability is key when standards aren’t final

No Better Time to Get Industry’s Most Popular and Adaptable TSN solution
&£ XILINX.



http://www.ultrazed.org/product/tsn-hw-eval-kit
http://www.ultrazed.org/product/tsn-hw-eval-kit

Adaptable.
Intelligent.
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