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Self introduction FUjiTSU

Haruhisa Fukano
Fujitsu
TSC member, LF Edge Akraino Project

‘ - Current work

- Business and architecture planning about
edge computing
- Career:
- Heterogeneous computing R&D
- FPGA design for NW equipment
- Favorite things:
- Camping
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Introduction

Professor, RITSUMEIKAN UNIV

- Robot hand R&D using electronic device
- Career:
- R&D about application of sensors to medicine
and industry
- Sensor device R&D
- Favorite things: Aikido
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FUJITSU

Jeff Brower
CEO, Signalogic

- Real-time ASR (automatic speech recognition)

in edge computing and telecom applications

- Deep learning

- Telecom

+ HPC, supercomputing

- Signal and image processing and algorithms
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Agenda FUJITSU

O What is Industry 5.07
O Robot Challenges in Industry 5.0

O Solutions for these challenges
O What is SSES (Sensor-Rich Soft End-Effector System)?
O What is light weight ASR (Automatic Speech Recognition)?

O Activities at Akraino
O CPS Robot blueprint family
O Robot basic architecture based on SSES blueprint

O PoC in food factory
O Activities in future
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Industrial Revolutions o Fulfrsu
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Industryl1.0 Industry2.0 Industry3.0 Industry4.0 Industry5.0
mechanization, mass production, computers, cyber-physical mass
Water and steam electric power, automated systems, IoT, customization,
powers assembly line production, networking, human-robot
electronics machine learning  collaboration

1800 1900 2000 Today Beginning
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Key attributes of Industry5.0 FUJITSU

1.Human and robot collaboration
- Improve productivity of complex tasks that only human can do.
—>Expect the spread of robots to various industries.

2.Mass customization

- Automated mass production by robot

- Customization according to consumer preferences
—->Provide new value

Robots play important role in realizing industry5.0.
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Can we use today '
industry5.0?



Robot Challenges in Industry 5.0 1/2  rujitsu

Robot in Industry 5.0

Robot today

|

The author of this photo by unknown au or is licensed to CC BY

- Object: standardized, uniform | | - diverse shapes, flexibility,

frictional properties
- ever-changing

- Field circumstance: stable

Challenge: Autonomous handling control by robot
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THe authorrkotmoto}by uknown author is Iicenseo C BY
- Work with human in same field
- Act flexibly

- Isolated from human
- Programmed routine

Challenge: Rapid communication with human
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Solution for these challenges FUJTTSU

Challenge 1 - Autonomous handling control by robot

Solution
Flexible robot handling for various objects under various
environments “SSES (Sensor-rich Soft End-effector System)”

Challenge 2 - Rapid communication with human

Solution
Reliable and low-latency speech recognition
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SSES (Sensor-Rich Soft End-Effector System) FUjITSU

Ritsumeikan University and other companies research and develop SSES in SIP 1

O SSES Approach
O Enhancement of cognitive ability
O Sensor-rich technology for

O Advanced 3D printing technology -

multi-dimensional data acquisition T Maintenance
: ou - info
©AlI/IoT technology with i‘\Ana,yze_) Knowledge
force/contact information Global
R feedback
@) IOT ma_lntenance and L Edge /Egr:a_n_cgmgnt_gf_cpm
inspection technology i | AT W/ force/contact infol e
o New Mechanical Robot | 4§ L
. . . Local = New mechanical Robot : Robot
O Flexible manipulators using arm L am
polymer materials ’/l ! ‘/3
o : hd

. . . . . Figure: SSES architecture(https://sip-sses.net
1 Cross-Ministerial Strategic Innovation Promotion Program d (https://sip /)

A program for R&D and practical application of science and technology that will revitalize

economy and industry, with investment from Japan Cabinet Office.
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SSES from network perspective FUJTTSU

SSES has two data path DI
O Real-time feedback path
O Latency: 1ms Aé?

O Immediately reflected in robot
CO ntrO I E.g. PID control

grab/transport/put object.
+ How long did it take

O IoT data path

O Latency: 100ms~

O Analyze by cloud AI and update
robot control in non-real-time

[ hd |oT gateway

nvironmen
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R-CPS (Reconstructable basic system for Cyber FUjiTsu

Physical System)

- Data collection/analysis and feedback to physical space for SSES
- Construct and reconstruct various systems easily and at low cost

External sensors Controller/PC for
Actuators(Robot, Motor, Valve) EAN, \Il_Viﬁ,_WiredI 100
High-speed sensing/Control ampling interval = ms — ( = )
*d . Analog/Digital signal 'd m=g| Cloud Always visible

On-board sensors (Global/Local location) e
+Accelerometer

p
-Sampling interval = 1ms -

( \ Bluetooth | PDH(Physical Data Hub

MSM(Multi-Sensor Module) ~10m 1_Add$ocati¥,n info - ) 0 Flow

Wired 2.Time stamp

-Gyro g

-Magnetic w/3axes — 3.Add Unit(m/sec etc..) m
-Temperature Sensor data 4.Format Mysal:
+Humidity -Pressure -IAQ -RGB -Ranging 5.Diagnose

ADC/UART/12C for external sensors - .

DAC/D-1/0 for actuators g?g;fg{lsoettlljrf Dev tool Protocol Data description ,APACHE . mongoDB.

< language
SMQTT 2
Camera module ‘Node-RED
Sensor data Hardware: Raspberry Pi, miniPC, PC etc

. Raspberry Pi (quantify 0os :  Windowds, Linux(Ubuntu,Raspbian) APIt Internet *May run in the same cloud.
Cloud

VM(Virtual machine) )

|

Basic data o

Measuring instrument Sensor data Browser ing/RLYINY
processing/ Y]
l w/ Bluetooth IF Dashboard on sen uhtion Y. DB W analysis SW
L Measuri RS232C REL2get r l e
Td:-‘—"'— 3 easuring \ engine A thon:
\ . instrument Converte t & ? | python
- : w/ Wired IF A ©Sadao Kawamura/Masao Shimizu
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SSES use case and demo FUjiTSU

All video from

SIP SSES project
https://sip-
sses.net/publicinformation/

Serve on plate
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SSES (Sensor-rich Soft End-effector System)  Fujitsu

OJapan Cabinet Office invests in R&D on flexible robot
handling “SSES” through SIP 1

R&D Topic

— w— =T - - Realization of Society5.0 by Sensor-rich Soft

&7

Py - . N End-effector System
E P Solving labor shortages with robots in food industry, T
> — R s manufacturing, agriculture, forestry and fishery Cyber Space AI/Big data/application
g Personal mobility Labor support robotics My loT demo. Flexibility is useful for mechanical contact ‘l' N T— oo 3
2 \.- [Panasonic Gr.] [Ritsumeikan Univ.] SMEs'in Kyushu area) Force information is essential in physical space EoRMIWERSR Of JCTATIS, SN A
= ————— === == == === - ’ dropping in the real world
- | | ]
w A 1 lementation platform 3 ¥
g I SEESET FAEED | Edge Al ode RED:ROS2) ] Physical Space
= Complementary I i L -ri H y
g e ] | technology. @ . ... .|.. .M.u.l.t"tn.‘)q.al. i B ... . MyloTstore . ] x Sensor-rich Soft End-effector S-\Stem (SSES)
o : My loT PF (Edge PF) :loT devel rent tool « Performin; f .
-— : : A 2 ) = : g mechanical tasks, such as handling = e
=L Edge Computing Pla fi rm L Kyushu Univ. & EC] J ¢ Obtaiaiug varioas:distibirted. dita Actively making contact with real world

*  Gently enveloping target objects

* Actuation based on sensing

Various targets and
environments

. Ultra-low power Edge y : : .
processor [Tohoku Univ.f‘a ?ﬂrsmarg)tsggss&g,:f : 4 _' X|I|§3 :
: = o g : ‘A .8 4l TTokvo Univ.]
wh : : . : .
RPN P R e ———— e ¢ e L TR SN

Il swBL-qns

e == : i I

Coogblavbyo oo ahdas Magnetic Sensol Uselin industries with
Energy Harvesting Odor Sensor DeviceDe\rlce [Toshibal \ low labor productivity
[Tohoku Univ.] [Mitsui Chem., Toshibal 7 \

SIP Symposium 2021 SIP R&D Plan
https://www.sip2021.go.jp/docs/02_briefing_paper_SIP2021.pdf https://www.nedo.go.jp/content/100903325.pdf

1 Cross-Ministerial Strategic Innovation Promotion Program
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ASR (Automatic Speech Recognition) FUJITSU

Signalogic developed light weight ASR engine

O Capabilities
OUrgent/safety voice commands; e.qg. “stop”
OOperating commands; e.g. “change mode”

ASR Engine

L
hhhhh

Command
IIStOpII

time series 2D spectrograph sliding DNN xXMM
overlapped
W R I O (PR PR N frameS
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ASR Features FUjiTSU

O Light weight
O ~50W power consumption, no fans
O Consumes one Atom CPU core(x5-E3940)
O 20k word vocabulary

O Noise removal

OSpectral subtraction and sound classification
minimize robot background noise;

e.g. servo motors, wheels Roomba onboard ASR demo

Accurately recognize voice commands in the field, regardless
of internet connectivity — prioritize human safety
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Activity in LF Edge Akraino project FUJITSU

O Publishes solutions as OSS stack "Blueprints” for everyone to use

Akraino community creates edge computing use case R RITSUMEIKAN FUﬁTSU

OSS stacks
- - SSES (Sensor-Rich Soft End-Effector System)
: toge 2: 03
LF Edge Projects Nt GMPORSS  impat rofc + R-CPS (Reconstructable basic system for Cyber Physical System)

Baety, eKulper, Projoct | V- F1edae, Home Edge, Aaino,
Open Horzon, State of the

EDGESCFOUNDRY [vionmmm| memessese e A + ASR (Automatic Speech Recognition)
GALLERY

Q FLEDGE ®:BAETYL E'meE
mE ek s - Akraino Ré+ Bffieprints

Applications

/ARKRAIND

eKuiper ‘= |

. . Ré+ Blueprints (New) i
‘ ‘ |

x T _J

Infrastructure avE OPEN HORIZON Applications @ s 0u Tramscion =
@ 7-cov0I9 - Rura e . RI-RSentianced |
Blueprints |
’ Topology Prediction for
Cassini — Smart Cites, P Vehicular Networks [ TR
@ scovure Oined Camera ot v i

| ‘ O /ARKRAIND I pie

@ s e - Ercerprise
The Al Edge - Security,
‘ Autonomous Vehicle, Federated © IMeriace

88 — JE— A o
De&T< f & PNE:- & =8 EER § e :
“ s E e-ea = carning| .NdMOmdmely(TF. )
Access Aogregation Regional Data Centralized Data g | ‘ 5G MEC - Cloud Gaming N
Distributed Devices and Systems  Buildings / Factories / Smart Homes N oo v (tiestis Cantors Multizerant Secure
3 . Telco Appliance -Radio Edge IEC - Type 2-5
Smartphones, PCs, ruggedized Server-based compute at Servers i

MCUbasod  Embodded  loronoit e Servers n socuro onprom Sl Server-based compateat Teko et WRRUFEIRIIS, - Servers i adional @ @ = Cowd B55) @ comeacavence KNI Provider Access Edge

dovices COMPULE - - 1 accossiblo 1o Somi-securs aroas ~~ data contors, MDCs - Sill - Notwork and Edge Exchango Sites Poaring Sites MEC ’Mu at the Edge (PAE) & Industrial Edge
T @S = = PR o =E8  EBE0

(& T ft & : ; .
Aece ation Regional Centralizod Data ;

User Edge Service Provider Edge Distributed Devices and Systems Buildings / Factorios / Smart Homes 3 i SR A o2 el Centers
Dedicated. Onerated Shared. XaaS p
MCU-based PCs, Servers in secure on-prem 3 Server-based compute at Telco Server-based compute at Servers in traditional
T devicos compute 0T gateways and servers dota conters, MDCs 4 Network and Edge Exchange Regional Telco and cloud data centers
in accessible to semi-secure 3 Sites Direct Peering Sites

LF Edge - long form - MASTER Ty @itTED €D | T ermrme
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https://www.lfedge.org/wp-content/uploads/2021/10/LF-Edge-long-form-MASTER_october.pdf

What is Akraino Blueprint? FUJITSU

What is an Akraino Blueprint?
Community Integrated, tested, deployable, end to end Edge Stack

 —
Akraino Blueprints ]

@, & S Q

Use Case Based Fully Integrated End Proven and Tested by Community Life Production Quality
to End Solution (CI / Community Cycle Support
CD)

Low Cost Large Scale Zero Touch (’ Industry 3 OCP Whitebox/OEM
o 9 Provisioning Adoption H/W

Since launch in 2018, Akraino continues to gain community support for

collaboration and validation with 30+ blueprints
CITHELINUX FOUNDATION CILFEDGE

74

LF Edge - long form - MASTER
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https://www.lfedge.org/wp-content/uploads/2021/10/LF-Edge-long-form-MASTER_october.pdf

CPS Robot Blueprint family overview FUJITSU

O There are many challenges and use cases, and solutions will be a combination of elemental tech
O We launched CPS Robot Blueprint family in the Akraino community

O Focus is on "Robot basic architecture Blueprint” to provide OSS stack based on SSES/R-CPS
BP: Robot basic architecture based on SSES _ BP Candidate 2:
~ [ Cloud | Qe DBy teacing nfo_ g2 __ Robot maintenance

4

se information to market DB J Analyze Knowledge
o P 7z > \ \ Challenge : Malnten-glce automation
S 7 / ” * Manage large number: of robots
8
- ( V4 \ - Failure prediction anclcallbratlon by loT
- Edoe / : 7 SEre_ng:chsn_ccigrﬂtye > abilities )
g I I A T N processing by audiovisual + | ~ I I
Tl ! forcejhap‘uc :
Robotics - New mechanical I I l Sensor enrichment ! I I
5 Robot arm | Comp03|te sensing infrastructure :
< | T O R e I
e I I 1 g ) n I //. 1
& 1 B i | &
| ! L]
I [y i 1 I
1 58 i’ 1 — 5
I = 0 Vo 1

Challenge : simplify teaching robot Isk‘&gd hg“al Challenge : High-level cooperation among robots

* High level of skill required Cooperative control of multiple robots

—Human demonstrates I BP Candidate 1: —High-precision time synchronization between robots
movement, rate, level of strength Il I RObOthS TeaChlng
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Robot basic architecture based on SSES Blueprint FUﬁTSU

O Open software stack for i
OCollect sensor/robot data /\ O . oeshooers /@

/[
-y
OAnalyze data g% 5% . i?
©Feedback to robot control g5 |§5
: : Q oo N =3
O Received Akraino award 3 -
OBlueprint of the year 2022 |8 | — i —fan —

Grab. transport and put object on a plate.

eyep 09|
9°|oy oulenjy
&
&
&
1

N
S
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Detail of blueprint in Akraino R6 FUJITSU

i i i I * T [ bwueman . ] . -
| Bt = 4 1o Documents are available on wiki
Wirsiecs Bhetesin LA sie) Robot basic architecture based on SSES - Akraino - Akraino Confluence
== | | [TEEE=E O Architecture document
l R o Installation/Test d t
| = e ] e stallation/ lest documen
‘Objects, Environment l -
{ % (é;) [ Multi Sensor Module(MSNh) J}

You can easily build data collection function

25 © 2022 Fuijitsu Limited


https://wiki.akraino.org/display/AK/Robot+basic+architecture+based+on+SSES

Detail of blueprint in Akraino R7 FUJITSU

~

/Cloud/Edge Could

- M - — VM or Container Z
O Enhance functionality Compenet I T

LOF, etc.. Distribution map

OData processing A ’ S il

«—— Realtime feedback

<«—— Dynamical action

OData analysis e
(processed data) (raw data) J

Release basic data T —

processing and analysis | .= R rrsueian —
Slg"a|0g|c _-_—ﬂ Ropet —l Time stamp & filter ‘

- -
software libraries to —— —
- L
support a variety of use ' l=
| Sound Classification Package % i dnsmasq‘ hostapd 1 d;g;g !
= sl
ca Se S - :emoval Camera | [ Motor | [ Robot am package 7 .
% | 4 "blueman |
UISB Wire (UART, RS232/485, USB) or Wireless (Bluett’)o(h. LPWA e||c.)I
Robot hardware Robot a'Irm . ulti Sensor Module(MSM
. . d.h CPU(ESP32 WROOM32E)
©Light weight, B
h I g h pe rfo rm a n Ce AS R ol iy Camera Robot hand I
&ﬁ ‘QI M;or g m I 10 Sensors
: p—
[ o) Object:,efsn:ri‘:;r:ment, % (éf’ [ Multi Sensor Module(MSM) l]
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Basic data processing and analysis software  Frujitsu

O Data processing and analysis methods differ depending on use case
O Software library accelerates implementation of data processing and analysis

. Various kind Basic data processing and analysis SW
- Various pattern Example

/—\ - Split time serles data
—

- Detect peak

| IN "
Calculus

Process
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Basic data processing and analysis software  Fujitsu

Classification rujirsu [l

Data read_db_env Returns the environment data for the specified time period.
processing detect_change Detect the point of change in data for a specified time period.
resample Resampling Input time series data.
calc_maxminavg Calculate the maximum, minimum, and average values for a specified
time priod.
integral Calculate integral of Input time series data.
Data analysis kmeans Classify time series data by k-means method.
plt_overrap_fig Create a chart that overlays multiple time series data.
others diagnose Graph the reception period of R-MSM data and detect reception errors.
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Proof of Concept in food factory FUJITSU

O Theme: detect signs of AGV (Automatic Guided Vehicle) course-out (i.e. off course)
O Road surface of a food factory is unstable due to humidity, drainage gradient, etc.
O Difficult to operate AGVs stably without course-out
O Confirmed that R-CPS and Basic data process and analysis SW can detect course-out

indicators
Cause of course-out Angular velocity
- humidity by gyro sensor - Split time series data - Integral for degree
- drainage gradient : - Overlap
etc.
Deg/s De :
g\_/\t\ Unusual pattern
: ' =Signs of
{ | - course-out
MSM PDH ata — . |
(Sensor) (IoT GW) Time(s) Time(s)
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Robot Blueprint activities in future
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FUJITSU

O Enhance current blueprint functionality
O Autonomous optimization of Robot;

e.g. Parameter optimization of PID control

1. Store data measured by sensors
/. Analyze data in cloud for better
parameters

3. Feedback new parameters

O Interface with Robot arm and hand

O There are various kind of arm and hands
depends
on use cases

O Need to absorb difference of HW
O ROS2 is a candidate solution

Welcome participants
Contact: fukano.haruhisa@fujitsu.com

10q0J pue Jojenioe 0] deqpasd

31
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D Dashboard
-

Edge or Cloud

Contact,
Pressure,
Environment

etc

low did app control the robot?
- Speed, orbit, force

Result of contre II gtn robot
- Success or fail

grab/transpol nlp Iobject

- How long did it tak

loT gateway

ontact,
Pressure,
Environment
etc..

W_ ~ PCIServer for control
- = Robot app [ J

Image(Where is object?,
Is object deformed?)
Location informati

Robot BP
in Akraino
release6

Feedback
t robot control

Robot arm and hand

<«—— loT data

<«—— Realtime feedback

Grab. transport and put object on a plate.
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LF Edge industry solution showcase FUJITSU

O Showcase objectives:

© Promote LF Edge projects and highlight edge computing
use case

O Increase user adoption of LF Edge projects
O Showcases
- Robotics (Akraino) - IoT (Fledge, eKuiper, Akraino)
- Clean Energy (EVE, Alvarium) -« MEC (Akraino)
- Retail (EdgeX, OpenHorizon, SDO) - Factory, Plant (Fledge, EVE)

We are exhibiting in LF Edge booth at ONE summit
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Thank you




