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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
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Masao Shimizu, Ph.D.

Professor, RITSUMEIKAN

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

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 FUjiTSU
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Industryl.0 Industry2.0 Industry3.0 Industry4.0 Industry5.0
mechanization, mass production, computers, cyber-physical mass
Water and steam  electric power, automated systems, loT, 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

1. Human and robot collaboration

2. Mass customization @ 1l.robot& AR D #3E)
- NBEIORRBE A< v ~NEBTT, BILWHEFD B
PNADARZTAE— 3V
- BEMft SN KREEE+HARAEZITAE— 3]

Robots are important for realizing industry 5.0
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Robot Challenges in Industry 5.0 1/2

Robttda - ‘ Robot in Industry 5.0

g —wp
N o
L
1

ObJoer)cE:tl Stan&érdolr;éd LO,II’]IfOI’m - diverse shapes, flexibility,
0 frictional properties
- ever-changing

- Field circumstance: stable

Challenge: Autonomous handling control by robot
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The author of this photo by unknown author is licensed to CC BY
- Work with human in same field
- Act flexibly

- |solated from human
- Programmed routine

Challenge: Rapid communication with human

9 © 2022 Fuijitsu Limited



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) FUITSU

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

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

multi-dimensional data acquisition - g Maintenance
. ou  info
© Al/loT technology with t,\Ana,yZH ——
force/contact information Global

. feedback
OloT maintenance and L Edge /Erl:_apge_nle_ng gf_c_oggm
inspection technology —— |

Al w/ force/contact info
. 1
O New Mechanical Robot | IR
New mechanical Robot | Sensor-rich

. . . Local 5 — e — =
O Flexible manipulators using U ASMIERERT TS am 1 composite
polymer materials L
O Advanced 3D printing technology - o

N e e e e e e == v
Q
35
3

Figure: SSES architecture(https://sip-sses.net/)

1 Cross-Ministerial Strategic Innovation Promotion Program
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SSES from network perspective FUJTTSU

SSES has two data path DI
O Real-time feedback path
O Latency: Ims AE%?

O Immediately reflected in robot
control

E.g. PID control

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

O |loT data path
O Latency: 100ms~
O Analyze by cloud Al and update Pressure
robot control in non-real-time

[ hd |oT gateway

13 © 2022 Fujitsu Limited



R-CPS (Reconstructable basic system for Cyber Physical
System)

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

[o®)
FUJITSU

External sensors Controller/PC for
Actuators(Robot, Motor, Valve) EAN' Y_Viﬂ,.Wiredl 100
High-speed sensing/Control ampling interval = 100ms (" .
‘d e specd sensing/ 'j ) ==w,( Cloud Always visible
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- Gyro -Time stamp
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) ensor ata Hardware: Raspberry Pi, miniPC, PC etc /
Raspberry Pi (quantify) 0S : Windowds, Linux(Ubuntu,Raspbian) Aplt Internet *May run in the same cloud.
)
. Cloud Basic data
Measuring instrument Sensor data Browser rocessing/ FUﬁTSU
p g
w/ Bluetooth IF Dashboard on PC/Tablet = | 2 W analysis SW
- 3e&sorwaluation .ll DB sl
| Measuring RS232C e eneine . o thon”
\ > instrument Converter E
U w/ Wired IF N4
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SSES use case and demo

Serve on plates

[o®)
FUJITSU

All video from

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

B - G 3 "
R&D Topic — — Realization of Society5.0 by Sensor-rich Soft
Py - . N End-effector System
E Solving labor shortages with robots in food industry, i
3 - : R - manufacturing, agriculture, forestry and fishery Cyber Spacc Al/Big data/application
g Personal mobility Labor support robotics My loT demo. Flexibility is useful for mechanical contact 'l' N T— oo 3
— \_ [Panasonic Gr.] [Ritsumeikan Univ.] SMEs'in Kyushu area) Force information is essential in physical space dl:ppli]:;i: lg:eiea:\?';:[l:"on' e
S s e ) I
N 1 U tati latf
g I SEESET FAEED | Edge Al Node RED-ROS2) ] Physical Space
5. ..|[Smmmemry | [ summosat ] . Worsers || Sensor-rich Soft End-effector System (SSES)
@ : : My IoT PF (Edge PF! -loT d?VEI ent tool * Performing mechanical tasks, such as handling . e
- NS : : Edge Computing Pla rm Kyushu Univ. & EC] i 4 * Obtaining various distributed data . 22::;[\?:‘1:&:.;]1;0:;:?":Il:;le:‘esal e
——m e e = e = it ot e el Sl Sl - * Actuation based on sensing g
: Ultra_-low[p;nwer Edge Fr Hardware sensor PF Flexible
® processor [Tohoku Univ. EJ MSM-PF){Toshibal A s Ssor Various targets and
5 T = : - M [Tokvo Univ.] environments
% / = : 1 31
- - |<rma} B e - ——
: : - =] ~—— TR\ &
= Collaoorsition m Magnetic Sensor Use n 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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What is Signalogi



ASR (Automatic Speech Recognition) FUjiTsu

Signalogic developed light weight ASR engine

O Capabilities
OUrgent/safety voice commands; e.g. “stop”
O0perating commands; e.g. “change mode”
©100% reliable and private — runs without cloud connectivity

ASR Engine Slgnalog|c

e / C d
™ \/ omman
, @up » Stop”

time series 2D spectrograph sliding DNN
overlapped
T DA 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

O Spectral 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
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FUJITSU

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

Akraino community creates edge computing use case
OSS stacks

s . Stage 2:
LF Edge Projects impomgts | SoPts gt
4 oo ol o S ol
E n B E X F [] U N [] H Y EDgEMVAIIIII Ama.uz'x:snm(.- Open 't oo dge cvmvv
GALLERY
Applications Q FLEDGE ®BAETYL E'b'bE
&= /Z Euu g] EE Research and Reports
eKAuViper /,.b'
Infrastructure avE OPEN HORIZON
‘ o /A AKRAIND

6 1 ot ——— Aw gy °

&7 2 W o A— wER 3

§ | kg e s g

Acc Aggregation Regional Data Centr Data
Distributed Devices and Systems Buildings / Factories / Smart Homes Kooy Hubs/COs Conters Centers
Smartphones, PCs, ruggedized Sorvor-based compute at Servers In traditional
MCUbasod  Embedded 1oT gateways and servors Servers in atTeko  pogional Teko and Direct cloud data contors
dovicos COMPULE 1 peossibia 10 SOMI-S0CHIS 8085 dota centers, MOCs Notwork and Edgo lmmg« Sitos Poeding Sites

User Edge
Dedicated. Ooerated

TN €T

Service Provider Edge
Shared. XaaS

LF Edge - long form - MASTER

R RITSUMEIKAN

Signalogic
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FUJITSU

+ SSES (sensor-Rich Soft End-Effector System)
- R-CPS (Reconstructable basic system for Cyber Physical System)
- ASR (Automatic Speech Recognition)

' Akraino Ré6+ Bifieprints

/ARKRAIND

e
‘ ‘ Ré+ Bluepeints (New)
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. 5G MEC - Entes oy
e Al Edge - Security,
Amonomw\ Vehicle, Federated
. 56 Mec - Ciowd Gamirc™ ™" (N Network Cloud Famiy (TF. ...)
nt Secure

. Telco Appliance -Radio Edge g IEC - Type 2.5

Cloud (REC) KNI Provider Access Ed
J i o ige

Connected Vehicl
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@
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ki -t Ar g
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2 a { Il i 42
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In accessible to somi-secure Direct Peering Sites
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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

v —
Akraino Blueprints ]

@) Ee & Q

Use Case Based Fully Integrated End Proven and Tested by Community Life Production Quality
to End Solution (Cl1/ Community Cycle Support
CD)

( \} (Vo)
Low Cost Large Scale Zero Touch Industry OCP Whitebox/OEM
. oSl 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  gpotc OBy eacting o g Knowledg _ Robot maintenance

- Use information to market Analyze
V4 DB J Y € \ -\

o Challenge : Mainterflance automation
% ) / * Manage large number of robots
- ( \ —>Failure prediction ard calibration by loT
- Strengthen cognitive abilities )
Edge I | Al processing by audiovisual + ~ I
Tl I force/haptlc
Robotics h_le!vpsclia_nl_ca_l - l Sensor enrlchment I
I flexible end Robot arm

|20

- , effector (hand)

Challenge : simplify teaching robot ISIS&ISd hfmiﬂ 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

[o®)
FUJITSU

O Open software stack for
OCollect sensor/robot data
OAnalyze data
OFeedback to robot control

O Received Akraino award
OBlueprint of the year 2022

g'|oy outesy

10g0J pue J0}enioe 0} }oeqpas 4

24

e1ep 399](0D
9’19y ouieay
Q}Q
&
&

AN 0 e AR

> > -y k / $

S E Edge or Cloud
i

® o

o

o M

2o

o

~ ct,
" re,
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W_ ~ PCIServer for control N 00 lo_T -ate:l y
. = Robot app 9 4

Robot BP

in Akraino Image(Where is object?

Is object or
Location informati

¢

<—— loT data
<«—— Realtime feedback

Grab. transport and put object on a plate.
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Detail of blueprint in Akraino R6 FUJITSU

«— IoT data

[1 component in releases B Sy, <—— Realtime feedback
.'m <—— Dynamical action

Groud 20D &
[ oeomey )

Teaching data etc.. Result data. etc.. T 10T data, etc_

Motion
Sensor

Light
Sensor

nv
Converte  Senso Mode A/D SW

Edge server | |

applicatign

T T
‘ MoTT | | Node red

L 2 T
‘ OS(Ubunfu}

(|-

PClServer for control 10T Gateway

Robot application

_ : : — |
.

‘ Time stamp & filter

|

‘ MNode red ‘ MNode red
| Pa:ck)asgze:;;nm | each devjces | o . . Senso ~  ENSW (RST)
Package customized
[camera ] [wotor | [Rovotarm | | package T
T i i T x L [ hluema: o
| Al =< 1O Documents are available on wiki
Wire(UART RS232/485,USB) or . . . .
Wisless Ehieteoln LA sic.) Robot basic architecture based on SSES - Akraino - Akraino Confluence
Robot hardware Robot arm Pre Multi Sensor Module(PreMSM) .
[ rfl_ l o d— O Architecture document
arduino-esp32 |

Camera

‘ -
= e - ) O Installation/Test document

[3[“9':'5’ Environment [ Multi Sensor Module(MShI) J}

You can easily build data collection function
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https://wiki.akraino.org/display/AK/Robot+basic+architecture+based+on+SSES

Detail of blueprint in Akraino R7 FUJITSU

. . /Cloud/Edge Could %
O E n h a n C e fu n Ctl O n a | I ty - Componet Vior Container /Generate Al model | Analysis support tool | [0}
in release7 | Decision tree | Time series Graph | FU] ITSU
- i LOE, etc. i ”Dislribuhon map
OData processing i : :
«—— Realtime feedback 7datéprclcessg\g ]

«—— Dynamical action

OData analysis T

(processed data) (raw data)

Release basic data T
prOCGSSing and analysis [‘Peiserver for contr} 3 giTSUMEIKAN ToT Gatew

Core 2 Core 1

Signalogic. =} 1} .
H H . H Robot | Time stamp & filter \
software libraries to | —
Support a Va riety Of use T : Pa;(l;asgze;ocomoleachde ices : ‘ lgmem;!
| Sound Classification | packa::y % - /dnsmasq | hostapd d;g:jg
£ ‘ Camera | [ Motor | [ Robot am package ke
c a S e s Noise liemoval T % o T ib’lueman
UISB Wire (UART, RS232/485, USB) or Wireless (Bluett'm(n. LPWA e||c.)I
|
Robot hardware Robot ;m. * ulti Sensor Module(MSM
. . . >4 h CPU(ESP32 WROOMA2E)
O Light weight, high performance ASR l— ‘
| arduino-esp32
EB Camera Robot hand — | s
y QI M;tor ﬁ Sensors I .l 10 ensors
1 —
[ o) Object;;rEsn:ri‘:]zr:ment, % (éf’ [ Seneor Woaeisih 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 ExamQI

/_\ - Split time serles data

- Detect peak

IN "
Calculus - FFT
- Remove

noise

Process
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Basic data processing and analysis software Fujitsu

Classification rujirsu [l

Data processing

Data analysis

others

read_db_env
detect_change
resample

calc_maxminavg

integral

kmeans

plt_overrap_fig

diagnose

Returns the environment data for the specified time period.
Detect the point of change in data for a specified time period.
Resampling Input time series data.

Calculate the maximum, minimum, and average values for a specified time
priod.
Calculate integral of Input time series data.

Classify time series data by k-means method.

Create a chart that overlays multiple time series data.

Graph the reception period of R-MSM data and detect reception errors.
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Poof 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 )
T bt\ Unusual pattern
: ! ‘ I ' =Signs of
. | ' course-out
b % I
Raw !
™9 € data | ¥ e
MSM \ " _ |
(Sensor) (loT GW) Time(s) Time(s)
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Robot Blueprint activities in future FUﬁTSU

O Enhance current blueprint functionality

O Autonomous optimization of Robot;
e.g. Parameter optimization of PID control

1. Store data measured by sensors

7. 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

D - D.ashboard @
el |
= U=

Feedback

Edge or Cloud

8’19y ourenyy

Contact,
Pressure,
Environment

etc

ow did app control the robot?

- Speed, orbit, force

Result of controlling the robot

- Success or fail to
grab/transport/put object.

- How long did it take

-H_ T PCiServerforcontrol (RN €000 - loT gatewa
L - Robot app 3 9 Yy
ontact,
SRS imagetiner s v
Is object deformed?) 1 Environment
release6 2
Location informati etc..

10404 pue J01en1oe 0] %orgpPas 4

Robot arm and hand

<«—— loT data
<«—— Realtime feedback

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

O Showcase objectives:

O Promote LF Edge projects and highlight edge computing use
case

O Increase user adoption of LF Edge projects
O Showcases
- Robotics (Akraino) - 10T (Fledge, eKuiper, Akraino)
- Clean Energy (EVE, Alvarium) + MEC (Akraino)
- Retail (EdgeX, OpenHorizon, SDO) - Factory, Plant (Fledge, EVE)

We are exhibiting in booth XX at ONE summit
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