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Motivation

ot flexible ;
difficulties in

= CP factory reconfiquration CP Storage

* Proprietary systems from Festo

1. MES CP Branch
2. Fleet Manager S

Robotino v3

= Problems:
* Modularity
* Interoperability
 Difficulty to maintain and operate
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Solution

®° Modularity V

* Interoperability
- Difficulty to operate & maintain v

= Need for provision of harmonised interface using “Digital Twin” (digitizing industrial
production)

= To achieve intuitive HMI, allowing workers to operate the system just using Natural
Language
« Semantics

* Neural Language Model for language understanding
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Basics
Digital Twin- Asset Administration Shell (AAS)

= What is Digital Twin (DT)? Generally, a Digital Twin (DT) is a “virtual representation of a physical

asset in a CPS, capable of mirroring its static and dynamic characteristics” [1]

= AAS is a implementation for Digital Twin

» Advantages & reasons:
1. Semantically described information

2. Promotes standardized DT to ensure interoperability

4.0 Component

3. It has good ready-to-use middleware

=class @ Coesp)
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AAS Middleware

Evaluation

$Ba5yx “J=1 FA’ST
Asset connections possibility (incl. with tool) o + V
AASKX file (static data upload) + 0
Data query (Runtime) (REST API) + -
Configurations (AAS Registry, Database) + - (only file-based, memory)
Deployment (docker available) + +
Code maturity + - (still under development)
Documentation o [1] o [2]
AAS metadata template 0 [v2.0.1] + [v3.0RC01] ¥

University of Stuttgart, IAS 2/12/2022



Reference Architecture Model for Industry 4.0 (RAMI 4.0)

For Passive AAS
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[4] adapted from
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AAS at design time

Passive AAS

L)

File Workspace Options Help 8

Submodel

Submodel element

/
Asset---194BA334

w2 AASX Package Explorer - local file: DARP_IAS_softwares\aasx-package-explg

<

[IRI, https://example.com/ids/sm/7405_7180_0122_9590]

"2022-08-06\basyx_server\demo-final.aasx buffered to: C:\Users\manth\AppData\Local\Temp\i

> |Em “OperationalData” [IRI, https://example.com/ids/sm/1500_1101_1122_6481]

based on specifications
of Platform Industrie 4.0

- a X

.1INDUSTRIE4.0

" sset Administration Shell

b @'r ion” [IRI, https://

.com/ids/sm/6414_1271_0122_6904]

b |Em "Techni

Data” [IRI, https://example.com/ids/sm/0100_8180_0122_5267]

v [FZX] "operationalData” [IRI, https://example.com/ids/sm/2210_1101_1122_7473]

b Eﬂ-r ion” [IRI, https:// com/ids/sm/4114_2203_0122_6509]

> |Em “TechnicalData™ [IRI, https://example.com/ids/sm/5000_0213_0122_3703]

> |Em “OperationalData” [IRI, https://example.com/ids/sm/8253_1201_1122 9978]

idShort: (P_STORAGE_AAS

HasDataSpecification (Reference):

Identifiable:

idType: Custom

id: CP_STORAGE_AAS
Asset Reference

assetRef:

b @.r ion” [IRI, https:// com/ids/sm/5491_1271_0122 6874]

IData” [IRI, https://example.com/ids/sm/2300 8180 0122 5359]

b Eﬂ “Techni

P @ “OperationalData” [IRI, https://example.com/ids/sm/7340_1101_1122 3922]

[ @ “Documentation” [IRI, https://example.com/ids/sm/7264_1113_0122_9073]

)3 |Em "Capabilities” [IRI, https:// 5150_1101_1122_6130]

> Em “Softwares™ [IRI, https://example.com/ids/sm/6403_2103_1122_7108]

b Em “Capabilities” [IRI, https://example.com/ids/sm/4350_1101_1122_5498]

Em “Softwares™ [IRI, https://example.com/ids/sm/0581_9110_2122_8181]

idShort: CP_STORAGE
category:

HasDataSpecification (Reference):

Identifiable:

idType: Custom

id: Asset---194BA334
Kind (of Asset):

kind: Instance

(Asset) (local) [Custom] Asset---194BA334

Submodel references with special meaning

/
i

AASX saved successfully: D:\RPIAS_softwares\aasx-package-explorer.2022-08-06\basyx_server\demo-final.aasx
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Drag from here!

Show Content

No errors | Cl
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AAS Metamodel

Submodel Element detailed view

Relerabls
Haskind
HasSamantics
Quaifiabis
i
(i} A & L )
RelationshipElemant DatsElemant . Entiyt Oparation
+ frat Relarence +  statwmeert: SubmodeiElement [0.7] + ingulVariable: OperaticelVariable 0.
+ uscond Rslersacs . . + ety Type: EndtyType + oulpullasisbls: Opsrabion'/srisbls (0.7
i) 1] il il + plobaldasetid: Reterance [0.1] + moutputansbie Operabanarabie [0 7]
’ |+ speciichsetd. Specihetasett 0. 1]
1 o |
AnnotatedRslationshipElamant ML P
I+ - RefaranceElement sabstracts ..
- annotation: DataElamant .7 . aloe: LangStrngSet 0.1 — o : Sul £l Collacti y .
static and veld: Refarance [0.1] I [+ vaie SubmedelElement 0.7 T
d . . . . L + vake: SubmodeiElement
ynamic . Rage . M Digital files 5 :
+ vaaTypa: DaaTyoaDasd + vabonType: DataTypalediad + vabon PaTypa [0.1] | BasicEventElement
+ valun: ValsDataTyps J0..1] + min: ValusDataTypa [0.1] + contentType: ConteniTyps i + chserved: Referable”
+ valueld: Rstsrence [0.1] +  max: ValueDstaType [0_1] : i +  direction: Direction
: +  utats: StatsOfvent
SubmodelElementList + messageTopic: stng [0.1]
ant: boolsan J0..1) = Trus +  mussagabroker. Rederable® [0..1]
+ valua: BlobTypa [0_1] samanticidLisiBlement: Referance [0..1] + lnstlpdate: dateTime [0 1']
+ contaniType: CondenType tyoe ValueListEiament: Aas SubmedsElaments + minkrnresk doieTiee 0.1
vkt TypaListElament: DataTypeDafisd |0, 1) + mariniorval. deteTima |0.1]
vabus SubmodelElement [0 fordered)
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Reference Architecture Model for Industry 4.0 (RAMI 4.0)

For Reactive AAS
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[4] adapted from
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Architecture
Concept overview

Flask server

HMI Layer Layer

AAS La
Legends
-------------- it s = — —» static data
Technical .
data In memory (f | oo + Internal mapping
documentation (non-persistent)|

——» Upload

Physical & non-physical Asset |
Layer
e
r

OPCUA server

BRANCI
module b

Robotino

software assets
(IAS-MES, FleetlAS
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Asset connections

=Software assets |IAS-MES, FleetlAS
« Python applications added as blob file

= Command skills :
» Modular encapsuled as task skills
e.g.: move_robotino_dock 2 REST API call

« POST REST API request for assigning order
e.g.: {

"name": "Test",
"description": "Test'",
"assigendWorkingPlan": 2021,
—“assignedWorkingPiece“: le,
"orderNo": 1,

"orderPos": 1,
"mainOrderPos": 1,
"customer™: null,

"status": "[0,0,0,0,0,0]"

University of Stuttgart, IAS
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O localhost:

* Contains information model

« AAS server provides harmonized interfaces
* APl (RESTful API)

PUT /shells/{aasld}/aas/submodels/{submodelldShort}/submodel/submeodelElements/{seldShortPath}
GET /shells/{aasld}/aas/submodels/{submodelldShort}/submodel/submodelElements/{seldShortPath}
DELETE /shells/{aasld}/aas/submodels/{submodelldShort}/submodel/submodelElements/{seldShortPath}
GET /shells/{aasld}/aas/submodels/{submodelldShort}/submodel/submodelElements/{seldShortPath}/value

PUT /shells/{aasld}/aas/submodels/{submodelldShort}/submodel/submodelElements/{seldShortPath}/value
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Better usability
Intuitive HMI

finetuned models.

ot pdmimbes)

_____

Easy operation using Natural Language Processing (NLP)
Helps in understanding human language to perform command and query
NLP models are adapted from few foundational models like BERT, ROBERTa, etc.

Sentence transformers (python based) library is used which provides pre-trained and

« We make semantic similarity estimation/calculation.

= Two types of semantic search :

 Symmetric Semantic Search ———

Query input : How to learn Python online?
Corpus data : How to learn Python on the
web?

 Asymmetric Semantic Search \

Query input : What is Python?
Corpus data : Python is an interpreted, high-level and
general-purpose programming language

University of Stuttgart, IAS
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Results
NLP based Command Interface

(3 12700.1:5000/1ech_oper_response

@ © 127001

= Industrial Automati. <% Node-RED [l Acer 1 Gmail @ YouTube © Maps B8 News By Transiste

Getting started wit. () GitHub - ossu/data._.

© Home -Deepleami_ [ Jova 8 Update 191

NLP based Semantic Search & Command Interface

Queried Technical Data
definitior
descriptior

woperty 1D

Queried Operational Data

property 1D

Command Interface Response Status

University of Stuttgart, IAS
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e -

Better Usability
Semantic score based on AAS data & query

Highest score

[ semantic similarity score } ---------------------- .

A

‘ dot product ’

semantic

fingerprint
{ vector ] .gp- ‘ vector
A A
[ Neural Language Model (BERT-variants)
stored AAS data query string
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Qu

Results

C M 127.00.1

Hustrial Automati.. S Node-RED [l Acer 1 Gmail » YouTube & Maps @8 News 63 Translate Getting started wit... O GitHub - ossu/data... Home - Deeplearni... E] Java 8 Update 191...

NLP based Adaptive Semantic Query & Command Interface

module 2 junction Q

Queried Technical Data
name: Junction_branch2
description: Pneumatic rotary cylinder with two end-position sensors

Semantic ID: https://admin-shell.io/SemanticldNotAvailable /1/1

Queried Operational Data
timestamp: 11/30/2022, 14:49:11

name: Junction_branch2

value:[False] 4—Slta‘tlal S

Semanuc 1L: hitps://fexample.com/ids/cd/2435_8142_1122_8850

Command Interface Response Status
command to assign order:

command to control Robotino:
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Results

Experimental Evaluation Ty EEm
Adaptive query (user input) | Symmetric Semantic Search Asymmetric Semantic Search
Technical data Operational data Technical data Operational data

—

. “module 2 junction status”

2. “Branch 5 junction” ¥ 4 v ) 4 ¥ 4

—

. “robotino lidar info”
2. “robotino laser” V v

“CP storage stopper information”

“stopper storage”

v v X
v v X

“‘Robotino odometry”

Selected NLM for test: C t ]
+ Symmetric Semantic Search : all-distilroberta-v1 orrect response. _
+ Asymmetric Semantic Search : msmarco-distilbert-base-tas-b Incorrect response:

University of Stuttgart, IAS
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Summary & Future work

AAS
Automated

orchestration of (=YX o] 's
skills

Q&C
M Od U Ia r | Decision and

Business Layer

. Skills

. Process
Functional Layer capabilities,

L e.g. drilling

optimization
algorithms

Process

capabilities,

e.g. drilling*
I

) roperties, Properties,
Information Layer Parameters, Parameters,
ariables Variables

Properties,
Parameters,
\ariables

Communication Layer

Integration Layer AAS

Asset Layer Asset

[4] adapted from
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