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Research Introduction

Industry 4.0
The connection of people, things, and machines with 10T to realize intelligent of machine.
Industry 5.0
Return the human back to the “centre of Universe”.
1760 1870 1969 2000 2020
Industry Industry Industry Industry Industry

10 20 3.0 40 5.0
B o o 0

Mechanisation Mass Computers, Internet Mass
water & steam production, automation, data analytics customisation
power electricity robotics connectivity
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Research Environment

Digital Twin Extended Reality

“A digital twin is a virtual model designed to An umbrella term of AR, VR, MR.

accurately reflect a physical object.” AR: Impose Virtual information on the real
The digital twin is a digital representation of a environment.

physical object, building a bridge between the MR: Develop a virtual space the same as real
virtual world and the real world. space for interaction.

Organize and manage

g\ /A communication channel o connected devices, as well as
utilized by product models 101 i

"’ 0 to group and integrate data
at various stages. oo inside and outside the
Digital thread Cloud computing enterprise.

lifecycle management.
Modeling

When a digital twin is linked to
a blockchain, it becomes a

Build and operate digital

Digital Twin L !
twin, it realizes the data
interaction between
digital and physical world.

Simulation Blockchain

real asset that can be traded,
shared, and developed.

Digital twin is a model L . .
“ based technology, build Provide immersive virtual
O s
.' different models to cover technology for a human to
the whole product realize similar experiences in
)»@ the physical world.
XR

D The explosion of loT Extract value from the digital
I‘/ \.l sensors are part of what scene and provide supportive
D o D makes digital twins information for decision-

possible making.
loT Al Foundations I X R {

Augmented Reality (AR) Mixed Reality (MR) Virt Reality (VR
Digital content on top Digital interacts with Digital environments
of the real world the real world that shut out the
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Research Environment

Aalto Industrial Internet Campus

Aalto University Industrial Internet Campus (AIIC) is a platform for students,
researchers, and companies to innovate and co-create smart, connected products
and services.

lImatar Open Innovation Environment 1 T, :
llImatar OIE is an open physical and digital development environment targeted for b ' — ?‘-\"3
different third parties, who want to develop new devices and applications that are i e\
connected to Konecranes overhead cranes.

Machinaide Project
Machinaide is a project that defines how the industrial ecosystems work
together in the future.

r

[Imatar
IImatar is the nickname of the crane installed to Aalto Industrial Internet
Campus premises in late 2016.
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Research method

Architecture of XR application development

Perception Ove_rhead _Crane Physical
Layer Simulation Overhead
Model(Gazebo) Crane(AlIC)
.
Bridge between ROS and OPCUA
. . .
Machine =~ OPC UA Server OPC UA Server
Communication : -
(Script-based) (Siemens PLCs)
Layer
L
Network Communication
Layer "1 Middleware
Unity
Service
Layer
I |
XR App Web App Mobile App

A
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The simulation model of the physical crane are
developed.

The Bridge between ROS and OPC UA are built
by Joel to presents the PLCs-OPC UA structure
for the real machine.

OPC UA-GraphQL Wrapper, OPC UA-MQTT
Gateway, and OPC UA-Unity Client are built.

Unity used as the physical engine for the
development of various applications.



Research method — Perception layer

2

::ROS2

SolidWorks & cAzEBO
peception R Gvernead

Machine
Communication
Layer

Model(Gazebo)

OPC UA Server
(Script-based)

Crane(AlIC)
A

OPC UA Server

Communication
» e

Network
Layer Middleware
Unity
Service
Layer |
[ I |
XR App Web App Mobile App
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The simplified 3D model are imported to the ROS gazebo simulation
platform based on the URDF format, which integrated with the same
sensors as the physical crane.

ROS is widely used for the robot and autonomous robot control; the
development of ROS simulation environment is the fundament for
the further research on the collaborative control.

Gazebo

W Help

w 4 Ol -

OB %2 |

Gazebo Simulation Environment



Research method — Network layer

Architecture of the Network Layer

) Overhead Crane Overhead Crane Overhead Crane
Perception Simulation Simulation Simulation
Layer Model(Gazebo Model(Gazebo MlodeI(Gazebo}
-------------------------------- Read------------- write---u.Read-u--u-- writeuu--.Read-u----u-
Machine
Communication OPC UA Server OPC UA Server OPC UA Server
L (Script-based) (Script-based) (Script-based)
e . | :
................................ Read,.iavinssnsnnsnnnnnns Wit oo Read.suusansunanransnnshsonsnnsnahansnnnnnnns
| ¥ |
OPC UA-
Network OPC UA-MQTT Granhal.
Layer Gateway V::aprG;r Write  Read
............................... MQTT *r=rressnsnnnsannnannsnnss:TTP sronnnnnnsnnnrasnnsansafonnsannsanfensnnnnnsns
¢ i Y
Service MQTT Client HTTP Client OPC UA Client
Layer
(a) (b) (c)
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Research method — Service layer

Unity advantages:

- N
Q Un“y Open/\Rw 1. Friendly programming language and comprehensive documentation.
ultmleap”  KHRONOS
perception vt o  piv ) 2. Free for the non-profit developer.
Layer odae! aze 0| rane
.......................... SO OOIT I soitY Sess R 3. Support for XR applications.
Bridge between fos and OPCUA
e ication PR S 4. OpenXR is a royalty-free, open standard that provides high-
raver ; performance access to Augmented Reality (AR) and Virtual Reality
................................. L (VR)_COIIeCtlvely known aS XR—p|atf0rmS and deVICGS
Network Communication ||
Layer Hddeware 5. Toolkit for Microsoft HoloLens 2 (MRTK) .
oy 6. Better cross-platform support, Unity supports at least 21 platforms.
Layer i
| | | o ja)=]sjajajéfrfa]e]-
XR App Web App Mobile App

] VR
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Research method — Service layer

Model Conversion Process

Simulation

CAD model

vAarado © oculus

Siemens NX H : .
Model Simplification : : Unity
mormee = : XR Environment

i oBJ

File Conversion :=|
Software ! :
. Overhead Crane Physical
E:r:ptlon Simulation Overhead SHIE DD
y Model(Gazebo) Crane(AlIC) URDF Conversion : :
................................................................................ === : : : Gazebo
Bridge between ROS and OPCUA ~—  yRoF | e e i adiler
+ H o :
2"“"'“ I OPC UA Server OPC UA Server :
ommunication . . : £ o
Layer (Script-based) (Siemens PLCs) : SolidWorks to URDF
Y : Exporter
Network Communication
Layer Middleware
Unity
Service
Layer I
[ [ |
XR App Web App Mobile App
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Use cases — VR training

Features

Physical VR hand model

Multi-Interactor

Aalto Industrial Internet Multi-modal interaction capabilities
Campus Virtual Environment

Multi-scene

Data parameter synchronization
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Use cases — Remote monitor

Technical architecture Prototyping Application
Virtual World Physical World
Crane Status Radio Selection
GAZEBOD B”dge: 0 Sway: F
Gazebo Trolley: 0 Sway Length: 0
limatar crane Hoist: 0 Inching: F
lposili-:ln Diagnostic: 32 RopeAngle: F
A ) . ) MicroSpeed: F
OPC UA Server OPC UA Server

integrated with PLC
\ pasition / pasition
MQTT

Gateway

l position

% ;ﬁ D Mouse right click: Change view

Mouse scroll click: Zoom in/ out
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Use cases — Remote monitor

Remote monitor
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Use cases — Remote control

Technical Architecture OPC UA-GraphQL Wrapper Prototyping Application

Virtual World Physical World
OPC UA GraphQL Wrapper tHub
—-=
OPC UA Node browser ) Crane Status Radio Selection
BAZERC Hocslegrirgi\fments for GraphQL queries Bridge: 0 sway: F
Gazeho nodeld: Trolley: 0 Sway_Length: 0
limatar crane Hoist: 0 Inching: F
spaed T lDDSiIi:In CTaneRos Load: 0 RopeAngle: F
erindingliachineRos s
[ e rm— | WatchDog: MicroSpeed:
“#0PC UA “#OPC UA E— : s v
OPC UA Server OPC UA Server

integrated with PLC
read.\ Ve position
specd pasithp

GraphQL gueries are POST in JSON format to URL:
7 GraphOL
hittp://36.500143,164:7777/ grapha]

Wrapper
Queries can be tested and more documentation can be found at the same URL.
Spead pasitiin Autofilled example queries
Read:
aquery |
node(server: , nodeld: ) {
nane
variable [
~ value
unr dataType
ity .

}
/ ‘ \ 1
¥rite: Mouse right click: Change view
‘P tation { .
ﬁ ﬁ muszﬂlf.z?ua(server: , nodeld: , value: value, dataType: “dataType”) { MOUSe scro" c“ck‘ Zoom lnl out
ok

1
i
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Use cases — Remote control

Remote control
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Use cases — AR control

HoloLens 2 AR
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Research Introduction

Data Driven Digital Twin Simulation Model
* Information model

» Data flow

Collaborative Control

« AGVs

« Autonomous vehicles

« Arm robots

Wireless communication research

» 5G, B5G

» edge cloud/center cloud

Security

» Network Layer, local network, VPN, edge server
» Service Layer, authority management
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Thank you

Chao.l.yang@aalto.fi

fReilvRolslint

aalto.fi
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Backup

XR devices
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https://www.aalto.fi/en/department-of-mechanical-engineering/mechatronics



