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Kurzfassung

Dieses Dokument ergénzt das D3.1 ,Spezifikation des Anwendungsfalls Support* indem basierend auf der gewahlten
Supermarkt Domane, der Prototyp fir die modellbasierte Ansteuerung von Robotern présentiert wird. Die Demonstration
des Prototyps verwendet Laborexperimente, cyber-physischen Systeme und Geréte, welche durch die Partner — BOC und
JR - bereitgestellt werden.

Zwei Konzepte, welche essenziell fir diesen Prototypen sind wurden identifiziert
(1) die Unterscheidung von Abstraktionsschichten, und
(2) die Ressourcenallokation bei Arbeitsablaufen.

Beide Aspekte sind essenziell, um die semantische Distanz zwischen den verschiedenen Schichten und Plattformen in
einem Supermarkt Kontext darzustellen und mit geeigneter Wissensbasierter Technologie zu (iberbrlicken. Basierend auf
den drei Plattformen — sozial, virtuell und physisch — welche in D3.1 prasentiert wurden, sind insgesamt vier
Abstraktionsschichten identifiziert worden.

Diese sind

(1) der abstrakte Arbeitsablauf, welcher plattformunabhangig Sequenzen von Roboteroperationen darstellt, um ein
Domanen-spezifisches Ziel zu erreichen,

(2) der technische Arbeitsablauf, der durch den Aufruf von externen Operationen oder generischen Subprozessen noch
plattformunabhangig ist und eine Sequenz von ausfiihrbaren Roboterfahigkeiten reprasentiert,

(3) die plattformspezifische Abstraktion, welche in Form von Konzeptmodellen dargestellt wird und durch spezifische
loT Adaptoren und Schnittstellen plattformspezifische Operationen beschreibt, und

(4) die Roboterplattform inklusive loT Adaptoren und Software, welche plattformspezifische Operationen zur Ausflihrung
von Arbeitsablaufen zur Verfiigung stellen.

Weiters sind nicht nur unterschiedliche Plattformen und Abstraktionsschichten notwendig, sondern auch ein Konzept zur
Ressourcenallokation bei den erwahnten Arbeitsablaufen. Flr diese so genannten Workflows présentieren wir drei
unterschiedliche Algorithmen zur Ressourcenallokation (1) fix, (2) vor, und (3) wahrend der Ausfiihrung. Diese
unterscheiden sich im groben durch den Zeitpunkt der Interaktion und der Maglichkeit der Unterbrechung wahrend der
Ausfihrung. Somit kann zwischen vordefinierten Systemen und autonomen Verhalten unterschieden werden.
Instanziierungen flir die Abstraktionsschichten, sowie fiir die Ressourcenallokationsszenarien werden auf Basis von
verschieden Modellierungssprachen, wie BPMN, Petri Nets und Flowchart, erprobt.

AbschlieRend wird das Prototyp Paket vorgestellt, um zu evaluieren, wie ein Roboter mittels Modelle angesteuert werden
kann. Die notwendigen Materialien werden zum Download bereitgestellt.
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Executive Summary

The document extends the D3.1 “Specification of Application Scenario Support” presenting the prototype within the
supermarket domain using a model-based approach. The demonstration prototypes are based on laboratory experiments,
and cyber-physical system setup and devices provided by the partners, in particular by BOC and JR.

Two major concepts were identified to be crucial for this prototype, these are
(1) different abstraction layers and

(2) various workflow bindings, in order to bridge the semantic distance between layers and platforms within the
supermarket domain.

Based on the three platforms — social, virtual and physical — presented in D3.1, four abstraction layers were identified.
Those are

(1) abstract workflow that represents a sequence of robotic actions without platform binding in order to fulfil the domain
specific goal,

(2) technical workflow, which is also platform independent by calling external operations or generic subprocesses and
represents a sequence of executable capabilities of a robotic platform,

(3) platform specific abstraction that is presented in form of concept models characterized by a specific loT adaptor that
encapsulations platform specific APIs, and

(4) robotic platform, loT adaptors and workflow engines that use platform specific commands and operations.
Furthermore, not only platform and abstraction layers are required, but also different workflow bindings. These workflow
bindings are seen as a means of resource allocation.

We propose (1) fixed, (2) pre, and (3) late binding. Those workflow bindings can be differentiated by having a look at the
point of interaction and interruption during the processing. This distinguishes between pre-defined behaviour vs.
autonomous system. Instantiations for the abstraction layers as well as for the workflow bindings are presented by using
different modelling languages such as BPMN, Petri Nets and flowchart.

The resulting prototype package provides the necessary hands-on material and is provided for download to test the model-
based approach.
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1. Introduction
This document describes the prototype for model-based operation of robots.

The demonstration prototypes are based on laboratory experiments, and cyber-physical system setup and devices
provided by BOC and JR. In specific, the introduction of the OMILAB experimentation space (conceptually and
physically/virtually) included in D3.1 is the foundation for testing the experiments for this prototype.

According to Retail Austria (2020)! there is a variety of digital application in retail. For example, store traffic recognition
can be used to observe and visualise store traffic in order to better place expensive premium products or introduce new
products. Furthermore, in-store concierges in form of mobile robots can support customer to find the right product. Also,
in-store voice commerce and consultancy concepts allow consultation and advertisement of products. Moreover, automatic
check-out shopping carts can support with scanning products and checking them out after putting those into the shopping
cart and additionally, complementary products can be automatically suggested on the shopping cart screen. Not only the
action of shopping can be supported by digital applications, but also smart buildings can facilitate the access management
by using biometric data, theft detection or hazard management by using smart cameras and power management by using
sensors for energy efficiency. Furthermore, we can see the interest towards a cashier free shop, which is open 24/7.

This demonstrative domain was chosen for the application scenarios as well as the proof-of-concept realisation, as it
provides plethora of challenges, where the appropriate ones for the project have been selected. It is important to bridge
the semantic distance between layers and platforms. As a recap from D3.1 the three platforms and their preconditions and
model-based approaches are summarized below:

1. Social Platform — This platform mostly represents the traditional approach of shopping. The preconditions consist
of capabilities of the actor. It is assumed that a human actor has a capability to (a) interpret informal and semi-formal
models, (b) interact between physical and digital world, (c) complete incomplete and vague models. A model-based
approach is followed, as this is easy to understand for humans, simple, ideally provides a graphical representation
and no virtualization necessary. Furthermore, incomplete knowledge can be easily dealt with by using hints, heuristics
or images. Any kind of adaptivity is automatically performed by the human actor. For example, if a human wants to
buy 6 eggs, a set of instinctive decisions like “10 eggs with a long BBD (best before date)” are equally OK in case 6
eggs are not available, “the quality code” of eggs is checked, “taking the egg box and handling with care” is intuitively
performed as well as finally “the quality approval” b opening the box and checking if eggs are broken are also
intuitively performed by humans.

2. Virtual Platform — The virtual platform requires some preparations, for instance an online shop needs to virtualize
the provided products, a user account hast to be established, an APIs needs to be available and a workflow engine
has to be programmed. Here, a model-based approach can be supportive in the context of formal correct and
verifiable sequences of actions that can be executed by a workflow engine using the provided online shop APIs. For
example, late binding of products to the shop order or rule-based workflows can be seen as means of adaptivity. The
aforementioned “intuitive” actions from humans are exchanged with “trust” in the provider of the market place. The
user hence “trusts” that ordering 6 eggs, will result in the delivery of the correct quality and number.

3. Physical Platform - For the physical platform robot and sensor devices for the appropriate moves must be installed
in order to pick up the provided products. Furthermore, these robot and sensor devices must be secured and work in
alegal and ethical correct way. Here, a model-based approach can be supportive in the context of formal correct and
verifiable sequences of actions that can be execute by workflow engines and robots in combination with sensors.
Adaptivity can be included by means of late binding using rule-based workflows in conjunction with smart sensors.
The huge challenge is to develop aforementioned human “intuitive” actions with sensors that e.g. count the eggs,

! Enlite.Al (24/01/2020). Innovation talk ,Al in Retail*. At Retail Austria.
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check the quality using image recognition, approve the code that is printed on the egg using image to text
transformation or handle the egg box with care.

The so-called domain model describes independently of the underlying platform, the necessary steps, like that buying a
box of egg requires to check the code, the quality, the number and to handle the box with care.

In order to transform a domain model towards an executing platform, various aspects must be considered. For instance,
human interpretations, the level of formalisation, the resource allocation and various physical challenges.

The domain model was first specified using the BPMN syntax for business processes. This representation was exchanges
also with a UML Flow Chart model as well as a fully specified Petri-Net. BPMN and UML Flow Chart had been found
appropriate for modelling the domain specific aspects. Petri-Net was considered as too technical and hence more
appropriate for developer.

On the social platform it was enough to add knowledge that is used to perform a BPMN task by a so-called note including
e.g., a picture of an egg box pointing out how to check the code, the quality and the number. Whereas on the virtual
platform rather a BPMN workflow with additional so-called “Service Level Agreement” (SLA) is required. Such SLA are
commonly expressed in files that provide the contract — the Service Level Agreement — in a computer readable format, so
that computer programmes can interpret the file and consequently agree or disagree — in our sample to buy or not to buy
the box of eggs.

The physical platform requires additional information for sensors and knowledge-based algorithms. For instance, sensors
for security, image recognition and text processing or other means of artificial intelligence are required to ensure that a
box of eggs is carefully removed form the shelf, it is opened, the stamped code on the eggs is read and interpreted, the
eggs are counted and it is checked if an egg is broken.

Ethical, legal, security and safety checks can be conducted for all of the different platforms. For example, ethical issues
on a social platform could be the fact that the customer cannot check the eggs (e.g., elderly people may have difficulties
to see), whereas on the virtual platform a service level agreement can be used which requires that the user is actually
capably to understand which form of agreement was accepted. Technology supports the quality check on the physical
level, for instance by using sensors and knowledge-based algorithms.

The aforementioned platforms can be realised in several different ways using different technologies. Hence, finally we talk
about a platform-specific model, when a concrete robot or computer programme is addressed. In case a similar robot or
computer programme is addressed, then we apply the so-called “abstraction”’, that describe the same behaviour on a
higher — a more abstract — layer but can be implemented differently. Those different abstraction layers have been worked
out in form of different layers or workflows. Some are platform specific and approach a concrete robot platform, and some
are abstract that describe a generic behaviour, which needs to be detailed in sub-workflows.

This document describes the abstraction layers including their platform dependency, the workflows for allocating resources
and the created prototype package.
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1.1 Relation to Work Package

According to the project plan, work package three is structured in two phases:

1. Specification of application scenarios, and
2. Demonstration of the model-based operation of robots.

This deliverable is related to the second phase. It builds upon D3.1 and covers the model-based prototype for operating
robots.

1.2 Document Structure
Executive summaries in German as well as in English are provided.

This deliverable is structured in the following chapters: this introductory section provides the context of the work performed
and results achieved. Chapter 2 introduces the abstraction layer concept applied within the prototype. Various workflow
bindings in connection with different modelling languages are outlined in chapter 3. The prototype package and its usage
are introduced in chapter 4. And finally, a concise conclusion in chapter 5 summarizes the results so far.
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2. Overview of Model-Driven Robot Execution

As already mentioned, there are three platforms for the application scenarios — social, virtual and physical. However, not
only various platforms, but also different underlying abstraction layers, presented in Figure 1, need to be considered in
application scenarios like the supermarket domain.

Important questions when working with a robot are (1) is the robot safe or can it hurt people, (2) does the customer know
the result, or (3) is artificial intelligence performing any decisions the customer is unaware of. With model-based
approaches, we can describe separately the different levels of abstraction.

The project identified four abstraction layers that are introduced in Figure 1. These are (1) abstract workflow, (2) technical
workflow, (3) platform specific abstraction, and (4) robotic platform, loT adaptors and workflow engines. All of the layers
are characterized by the abstraction level of operations they offer as well as by their dependency on a platform.

Abstract Workflow Technical Workflow Platform Specific Robotic Platform,
Abstraction loT Adaptors and
Abstract Workflow Platform Workflow Engine
without Platform Independence by Platform Specificity
Binding calling generic through specific loT
Subprocesses (or Adaptor

external operations)

Sequence of Sequence of Encapsulation of Platform specific
robotic actions to executable platform specific commands and
fulfil the domain capabilities of a APls in form of operations
specific goal robotic platform concept models €=

B

Figure 1: Abstraction Layers for the Application Scenarios

The abstract workflow is without concrete so-called “binding of resources” and hence only represents a sequence of robotic
actions in order to fulfil the goal. For instance, represented in business process modelling notation. This workflow is created
in collaboration with a domain expert, as no particular technical know-how is needed but domain specific know-how is
required. The technical workflow - that details the abstract workflow - remains platform independent by calling external
operations or generic subprocesses, but introduces the technical details. It represents a sequence of executable
capabilities of a robotic platform. The platform specific workflow instantiates the technical workflow with concrete
commands and APl interactions of a concrete technical platform. The exchange of an abstract command like “move to the
rights b 90 degree” with a platform specific command “run right engine with speed 2 for 0,3 ms and run left engine with
speed -2 for 0,2 ms” is considered as the resource allocation, hence the so-called binding of software artefacts to actions
of the workflow. Those platform-specific commands are encapsulated in so-called loT adaptors that provide platform
specific APIs. Platform specific commands and operations are used on the robotic platform, the loT adaptors and the
workflow engine layer.

At all of the stages artificial intelligence might be identified, therefore the corresponding assessment of knowledge-based
algorithms is required for each abstraction layer. The different layers may have different dependencies to legal, ethical,
safety and security aspects. We assume that lower technical layers are more safety and security oriented, whereas higher
more domain specific layers are more legally and ethically oriented.
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We propose questionnaires that assess the different models on different abstraction levels with the corresponding legal,
ethical, security or safety assessment and ensure via a trusted digital signature after completing the questionnaire that
only assessed models are further used.

In the following sections, the possible integration of Al at the different abstraction layers is described, as well as the
realisation of the different layers using different modelling languages are presented.

More details on the abstraction layers as well as more examples can be found in Appendix A.

2.1 Introduction Al
There are various means of Al integration, hence different Al technology are appropriate on different layers.

The abstracts workflow layer facilitates rather generic technologies. Simulation and/or optimization can be enabled by Al.
This can happen on the model level for instance by using the business process modelling notation. On the technical
workflow, as well as on the platform specific abstraction layer mechanisms for product and/or service allocation can be
applied. For instance, ontologies or rule-based systems might support the processing not only in a platform independent,
but also in a platform specific environment. On the robotic platform layer, sensors as well as services enable the usage of
Al technologies like image recognition.

An overview of Al on the various abstraction layers can be found in Figure 2.

Robotic Platform,

Abstract Workflow Technical Workflow Platform Specific
Abstraction loT Adaptors a_nd
Abstract Workflow Platform Workflow Engine
without Platform Independence by Platform Specificity
Binding calling generic through specific loT & &
Subprocesses (or Adaptor ! = tﬂz
external operations) ao

Al is enabled by

Alis enabled by

- allocation (eg:

allocation (eg:

. means of
Mechanisms for Mechanisms for sensors
product product (eg: image

recognition) and

means of : : € —- .
simulation and ontologies or ontologies or _ services (eg:
optimization rule based rule based "1 OLIVE services
approaches) approaches) for discovery
evoked by

workflow engine)

Figure 2: Al Integration on Abstraction Layers
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2.2 Using Petri Nets for Exeuction

The layer concept can be instantiated in different ways by using various modelling languages. Figure 3 shows how to
instantiate the four layers — abstract workflow, technical workflow, platform specific abstraction and robotic platform — by
using BPMN and Petri Nets. On the abstract workflow layer BPMN is used to model the domain scenario. This sample
shows a process of selecting and collecting three fruits within a supermarket. For the technical workflow and the platform
specific abstraction layer, we consider BPMN as the targeted workflow languages, however, we also see the Petri-Net
notation as a proof-of-concept description that can be used, before finalising workflows on the concrete platforms.

However, in the following sample a separation can be conducted. As described in D3.1, a robot arm — in our case the so-
called “Dobot Magician” — is used in the OMILAB experiment space as a robotic actor.

Abstract Workflow Technical Workflow Platform Specific Robotic Platform and
Abstraction loT Adaptor
Abstract Workflow Platform Independence by
without Platform calling generic Platform Specificity Dobot Magician in the
Binding Subprocesses (or external through specific loT OMiLAB Innovation
operations) Adaptor Corner Vienna

. i

.
,M‘
A
Al might be
identified
throughout = L.
all stages ->
Assessment e
required =
O

Figure 3: Instantiation of the 4 Abstraction Layers using BPMN and Petri Nets
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2.3 Using Flow Chart for Execution

Abstract Workflow Technical Workflow Platform Specific Robotic Platform and
Abstraction loT Adaptor
Abstract Workflow Platform Independence
without Platform by calling generic Platform Specificity Dobot Magician in the
Binding Subprocesses (or through specific loT OMIiLAB Innovation
external operations) Adaptor Corner Vienna
&a)
. 13
5
A
Al might b '
might be
identified
throughout
all stages ->
Assessment
required
O

Figure 4: Instantiation of the 4 Abstraction Layers using BPMN and Flowchart

Figure 4 shows an example instantiation of the four abstraction layers by using BPMN and Flowcharts. In this sample,
again the Dobot Magician in the OMILAB is used as a robotic actor. The sample shows the selection and collection of
three fruits within a supermarket. The loT adaptor of the robot arm provides an interface, so that basic movements can be
summarized in so called concept models that are required for the platform specific abstraction layer. For instance, such a
concept model can be composed of the basic movements of moving to the right fruit and picking it up. Another concept
model can be used to place the fruit in a shopping basket for instance. These concept models are then used in the technical
workflow layer, which is platform independent by using them.
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2.4 Using BPMN for Execution

Figure 5 shows an example instantiation of the four abstraction layers by using BPMN and workflows. In this sample, again
the Dobot Magician in the OMILAB is used as a robotic actor. As a sample workflow engine Camunda? is used. The
workflow engine uses BPMN. Therefore, the notation in the technical workflow and the platform specific abstraction layer
is BPMN. Apart from that, the instantiation with flowchart and workflows are similar. As above, the sample shows the
selection and collection of three fruits within a supermarket. The loT adaptor of the robot arm provides an interface, so that
basic movements can be summarized in so called concept models that are required for the platform specific abstraction
layer. For instance, such a concept model can be composed of the basic movements of moving to the right fruit and picking
it up. Another concept model can be used to place the fruit in a shopping basket for instance. These concept models are
then used in the technical workflow layer, which is platform independent by using them.

Abstract Workflow Technical Workflow Platform Specific Robotic Platform, loT
Abstraction Adaptor and Workflow
Abstract Workflow Platform Independence Engine
without Platform by calling generic Platform Specificity
Binding Subprocesses (or through specific loT Dobot Magician in the

OMIiLAB Innovation
Corner Vienna

external operations) Adaptor

G

Workflow Engine
eg: Camunda

==

v
VAN
Al might be —
identified
throughout
all stages -> £}
Assessment i
required T
v
O

Figure 5: Instantiation of the 4 Abstraction Layers using BPMN and Workflows

2 https://camunda.com/de/download/ (last visited on 02/11/2020)
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3. Adaptive Workflows for Robot Exeuction

This section elaborates how to operate a robot with a model. In order to manage all of the above-mentioned aspect,
workflows operating on robots are introduced. A workflow executes and orchestrates a sequence of SW APIs. In the
context of robots each SW APl is an loT Adaptor that triggers a pre-programmed actuation — a certain move. The resource
allocation or binding of a workflow is typically understood to link a certain SW API to a particular action of the workflow a
particular 10T Adaptor — hence a certain move — is bound to a workflow task.

Following three bindings are used and presented in more detail. In particular, the pre- and late binding may apply Al
technologies for operating robots.

- Fixed Binding — The workflow and all of the moves are predefined, when the user selects the workflow, the user
gets exactly the sequence of moves.

- Pre-Binding: The workflow and all of the moves are decided just before starting. This allows to react in case a certain
move — picking up of a particular object - is not possible and allows to consider alternatives — picking up another
object instead.

- Late Binding: The workflow and all of the moves are decided just while the workflow is executed. This allows to
react on situations just before the actual move is performed. This principle is known from adaptive workflows or self-
healing systems. We consider this approach as a promising candidate for autonomous behaviour.

In the following subsections, we show the setting of interconnections between models and robotic platforms and how
robots can be operated via workflow models by using the three proposed workflow bindings. More details on the abstraction
layers as well as more examples can be found in Appendix A.

3.1 Laboratory Setting

Figure 6 shows how models, robotic platforms and workflow engines are interconnected within a lab and among different
locations.

OMILAB Innovation Corner 3" Party Industrial Robot Lab
Modelling Tool Robot Platform Proxy Environment Robot Platform
Workflow Engine Workflow Engine Workflow Engine
Petri Nets
Flowchart —me——— BPMN — BPMN — BPMN
BPMN

Figure 6: Interconnection of Settings

Within the OMILAB, there are various modelling tools that allow to model a specific scenario in form of workflows by means
of various modelling languages such as Petri Net, Flowchart or BPMN. Based on the above-mentioned supermarket
scenario, a domain specific assembly scenario can be modelled. For instance, a dairy product producer might package
pallets and boxes with single yoghurt cups. A pallet might be predefined with 20 boxes a 5 blueberry, 5 strawberry and 10
natural yoghurts or it can be packed individually based on order parameters.

In a first step, such a scenario is defined on a high level with Petri Nets and/or flowcharts. Different variants can be defined
by applying the three workflow binding scenarios. Furthermore, the basic domain workflows can be refined by using BPMN
and lifting the models to a workflow engine in order to bring those models closer to the robotic platform. These first
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workflows require sensor information — for example about product availability — and decisions might be necessary,
especially in case of missing products.

In a second step, the workflows from the OMILAB are transformed to a 3" party industrial robot. Whereas the BPMN on
the OMILAB side is rather generic and abstract, the BPMN for the environment must be more specific and concrete. Such
a proxy environment architecture allows the processing of an industrial robot within a secured setting. The BPMN is not
executed with a workflow engine on the industrial robotic platform if the steps before are not considered to be safe and
secure. Notice that this architecture implicitly includes the above-mentioned abstraction levels, which are required to
differentiate between the quite different aspects and concerns on each layer.

3.2 Fixed Workflows: Fixed Binding of Robots Execution

In a fixed binding workflow, the workflow itself and all the moves are predefined. When the user selects the workflow, the
user gets exactly the sequence of moves, which was defined. No intervention during the execution is possible. Figure 7
shows an example of a fixed binding workflow by using Petri Nets. In this example, apples, bananas and grapes are picked
up in this sequence. As in a fixed binding workflow, all decisions are taken beforehand, it is not possible to react to any
missing products. So, if there are no apples available, the robot will reach into void or an erroneous behaviour. The Petri
Net requires step by step user interaction for the execution, as each transition must be fired individually. As it is clearly a
problem that the robot reaction cannot be influenced in case of empty products, we propose to use artificial intelligence to
overcome this issue. More details and example models for fixed binding can be found in Appendix B.

The objects have to be placed at the specified positions,
otherwise the robot arm will reach into the void.

Initial state

-@—I—-0—I1-0—I-®

Buy Fruits Fruit 1 Apples Fruit 2 Bananas Fruit 3 Grapes

Contraption Reset
ready

Figure 7: Instantiation of a fixed binding workflow by using Petri Nets
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3.3 Alternative Workflows: Pre-Binding of Robot Execution

In contrary, in a pre-binding workflow, the workflow and all the moves are decided just before starting. This allows to react
in case a certain move — for instance picking up of a particular object is not possible. It allows the consideration of
alternatives — for example picking up another object instead. Intervention at the beginning is possible, whereas it is not
possible to interfere during the execution. Figure 8 visualizes a pre-binding workflow by using Flowcharts. Again, we have
three objects — in our case apple, bananas and grapes and these fruits are picked up in this sequence. In case there are
not enough apples, bananas and grapes available, they are substituted by pears, strawberries and blueberries. In the pre-
binding workflow, the product availability for all fruits is checked at the beginning. In case fruits need to be exchanged,
there are several Al algorithms that support his decision making. We proposed either a rule-based, or a semantic based
matching algorithm. In our sample apples and bananas are available. Grapes are not available and therefore Blueberries
are taken. In our sample, we emulated a rule-based approach with a user interaction. Artificial intelligence can be applied
on different abstraction layers. In this sample artificial intelligence is applied on the technical workflow layer. More details
about the abstraction layers and the value for each layer can be found in section Error! Reference source not found.
Error! Reference source not found.. Moreover, additional information and example models for pre binding can be found

in Appendix C.
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Figure 8: Instantiation of a pre binding workflow by using flowcharts
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3.4 Adaptive Workflows: Late-Binding of Robot Execution

The late-binding workflow and all the moves are decided just while the workflow is executed. This allows to react on
situation just before the actual move is performed. A sample for a late binding workflow by using BPMN can be found in
Figure 9. In the late binding workflow, the product availability is checked each time a fruit is chosen. Artificial intelligence
can be integrated in the same way as before, when checking the possibility of a certain move. In this sample artificial
intelligence can be applied on the robotic platform layer by means of services. Sensor information can be provided to the
workflow engine, which invokes a service from the Microservice Framework OLIVE. More details and example models for
late binding can be found in Appendix D.

Pear
Banana
Strawberry
Grape
Blueberry
Mo Fruit

Figure 9: Instantiation of a late binding workflow by using BPMN and a workflow engine
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4. OMIiLAB - Proof-of Concept

This subchapter provides some more details about the prototype package. First, the prerequisites as well as the first steps
are outlined. Afterwards, it is explained how the model-based operation of robots can be tested.

4.1 Installation of Proof-of-Concept Package in OMiLAB

First, the prototype package must be downloaded from here: compl@i prototype package. Notice that the package must
be unzipped with 7Zip3. The unzipped package includes various libraries, models as well as executable files, see Figure
10: Prototype Package Structure. In general, users use the files in the DOC and the MODELS folder as well as the files
numbered from 1 to 7.

s | complai-aio_v1.4_x86_win_standalone - O X

bome  Share  View )
« > v 1 > This PC > Downloads > complai-aio_v1.4 x86_win standalone > v A p
a modifie
# Quick acce
apacheds-2.0.0.AM26
% Docun
apache-tomcat-8.5.50
& Downl P
camunda-bpm-tomcat-7.13.0
Pict
Sk camunda-modeler-4.2.0-win-ia32
Appendix DOC
D3.1 jre1.8.0_251
© D3.1Spe: MODELS
D3.2 Beric mysql-5.7.29-win32
uTILS
, Creative Cl
DR 1-Start MySQL
@ OneDrive 2-Start ApacheDS
3-Start ADOxx SOAP Server
® This PC
4-Start Tomcat
B 3D Objed! %1 5-Start Camunda Engine
I Desktop [%] 6-Start Camunda Modeler
# Documen # 7-Open Overview page

¥ Downloac ] README
v

Figure 10: Prototype Package Structure

Furthermore, ADOxx must be downloaded and installed*. For this reason, a personal licence key is required that can be
requested for free in the context of academic purposes on the webpage. Afterwards all required libraries (for the modelling
tools/languages) must be imported in the ADOxx development toolkit and the corresponding prepared models must be
imported in the ADOxx modelling toolkit. BPMN, Bee-Up and the Questionnaire library must be imported. The BPMN
library and models are available inside the package folder MODELS/BPMN. More details for Bee-Up and the standalone
version can be found online®. The questionnaire library and the models are available inside the folder
MODELS/QUESTIONNAIRES. Notice that the Questionnaire library is required for performing the ethical, legal, security
and safety assessments. Additional information is provided on importing libraries in ADOxx (credentials: Admin /
password), creating a new user and importing the models in ADOxx at “import a library”, “create a user” and “import
models”.

In order to avoid parallel allocation of the robotic devices in the OMILAB Innovation Corner, the project required that each
robot item can be reserved via an online service provided by OLIVE®: OMILAB Innovation Corner - Device Reservation.
More details on how to reserve such a device can be found here: Reservation Manual for OMILAB Innovation Corner
Devices.

3 https://www.7-zip.org/ (last visited on 02/11/2020)

4 https://www.adoxx.org/live/download-quided (last visited on 02/11/2020)

5 https://austria.omilab.org/psm/content/bee-up/info (last visited on 02/11/2020)
& https://www.adoxx.org/live/olive (last visited on 02/11/2020)
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4.2 Starting of Proof-of-Concept Package in OMiLAB
In order to start the portal, following steps must be executed:

1. Execute the "1-Start MySQL.bat" file in the package folder
2. Execute the "2-Start ApacheDS.bat" file in the package folder
3. Execute the "3-Start ADOxx SOAP Server.bat" in the package folder
a. insert the credentials for the created username and password for the ADOxx modelling toolkit, use the
default database if you did not select a specific name during the ADOxx installation process.
b. or“Admin”, “password” and “beeup15” if you prefer the Bee-Up standalone version, see Figure 11

E¥ C\windows\system32\cmd.exe — O X

ADOXx Username: Admin
IADOXx Password: password

ADOxx Database (default adoxxdb): beeupl5
Autorestart ADOxx when closed? 1=yes, 6=no (default 8):
Starting ADOxx with SOAP server on port 80 (user:Admin, db:beeupl5, params:-no_login screen, autorestart:e)

Figure 11: Starting Bee-Up as Standalone

4. Execute the "4-Start Tomcat.bat" file in the package folder
5. Execute the "5-Start Camunda Engine.bat" file in the package folder
6. Execute the "6-Start Camunda Modeler.bat" file in the package folder
a. open the .bopmn files from the folder MODELS/BPMN in the modeler
b. deploy all of the subprocesses, before one of the main workflows is started
¢. notice that a user task at the beginning is used to insert the reservation token of the device
7. Open the link "7-Open Overview page" in the package folder
a. prefer Chrome for using the dashboard webpage
b. go to the “Workflow Engine” tab, the credentials are “demo” / “demo” (see Figure 12)
c. notice that the tabs “Model Questionnaire” and “ Model Signature” are not needed in this prototype for
model-based operation of robots, however, they will be needed in deliverable related to assessment
8. Finally, when you are finished with operating the robots, terminate the execution closing the command console
opened in point 1, 2, 3, 4, 5 and 6 (Ctrl+C) as well as the dashboard webpage

V é VI:I ComplAl X -|: v 2
| « O @ 127.00.1:8180/overv e = LB

compl@ Open Models Laboratory

-

CAMUNDA

Cockpit

Figure 12: Operating Robots with Workflows
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4.3 Demonstration of Model-based Robot Execution in OMiLAB
In particular, we used the following robots:

1. Dobot Magician — robot arm
2. Makeblock mBot — mobile platform

Furthermore, models in various modelling languages with different workflow bindings are provided. Petri Nets as well as
Flowcharts can be executed directly in ADOxx by using the Bee-Up library. In contrast, the workflows in BPMN must be
executed by using a 3 party workflow engine.

The different modelling language and workflow binding combinations are presented in short sample videos:

1. Fixed Binding (see Appendix B)
a. Process with fixed binding using Petri Net
b. Process with fixed using Flowchart
C. Process with fixed binding using BPMN
2. Pre-Binding (see Appendix C)

a. Process with pre binding using Petri Net

b. Process with pre binding using Flowchart
C. Process with pre binding using BPMN

3. Late-Binding (see Appendix D)
a. Process with late binding using Petri Net
b. Process with late binding using Flowchart
C. Process with late binding using BPMN

The videos demonstrate the different workflows addressing the robot arm Dobot Magician. The corresponding loT Adapter
— Raspberry-Pi — and corresponding SW — Tomcat Web-Application connected with the Dobot Magician interfaces — are
provided. The pre-installed modelling toolkit Bee-Up is used for modelling the Petri Net, the flowchart and the BPMN
processes that accesses the loT Adapter. A 37 party workflow engine was used. As there is currently no interface between
Bee-Up and the 3 party workflow engine, the BPMN models must be remodelled in the workflow engine modeller before
execution.

Similar to the videos demonstrating the use of workflow to steer the robot arm, such workflows can also be used to steer
mobile platform. The mobile robot can be seen as a shopping cart that drives through the supermarket and collects
products at various stations. The different abstractions of the workflow are equally applicable for the mobile robot.
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Figure 13: Mobile Platform Environment

The proof-of-concept environment, where robots are accessed by the use of models the project offers two settings: (1) the
physical visit in the OMILAB Innovation Corner, or (2) accessing the OMILAB Innovation Corner remotely. Such a remote
scenario setting looks as follows in Figure 14.

Remote
Caonnection

Figure 14: Proof-of-Concept Robots accessed by Remote Setting

In order to ease the testing and operating of robots via models in a remote setting, following live streams provide support.
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Dobot Magician Makeblock mBot
Live Stream Live Stream - onboard
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All ADOxx/Bee-Up models can be executed, however, executing the workflows is not as trivial and requires basic
knowledge about the workflow and the workflow engine. Therefore, the project provides more details in specific showing

how to execute workflows using a workflow engine’.

In case of running the models via a remote setting there is a task at the beginning, where the user needs to register the
reservation token. In general, more detailed documentation can be found in the prototype package in the DOC folder. In
case the models should be changed the integration of the ,Reservation and Virtual Access Service* is provided here:

integration of device reservation service in Bee-Up models.

7 https://adoxx.org/live/web/complai/downloads (last visited on 02/11/2020)
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5. CHIMERA Prototype

After the proof-of-concept of the executable models within the aforementioned OMILAB, the workflows have been extended
to also steer real-world industrial robots. In the following the sample workflows, the corresponding robot behaviour and the
used software stack is introduced.

The robot used in our use-case is a mobile manipulator called CHIMERA (shown in Figure 1). CHIMERA is a mobile
manipulator consisting of the mobile industrial platform MiR100 and the industrial robot arm UR10. It is intended for
applications like intralogistics, machine tending or location-independent manipulation. Both robots are individual sub-
systems that are integrated using dedicated computing hardware and combined in a shared software environment (see
below). However, in hard- and software, we designed CHIMERA for the base and the arm to be exchangeable with other
robots. To integrate the two robots both physically and logically we employ additional network hardware, an industrial PC
as well as PLCs. Apart from that, a separate battery system ensures the endurance for complex industrial applications.
The software stack—as described below—runs on the industrial PC communicating with MiR and UR via the internal
network. From the software perspective on application layer, CHIMERA provides workflows for moving the arm and for
changing the robots location using the mobile base via the API.

aéésﬂé?;“ﬁm
ﬁ_%_é%‘k‘é%“ﬁ

e

Figure 1: The CHIMERA robot
A video demonstrating an industrial intralogistic use case executed on the CHIMERA can be found at:

https://youtu.be/5Sw_GUe2IK4Y

Page 25 of 69
D3.2 Bericht zum Prototypen fir die Modellbasierte Ansteuerung von Robotern


https://youtu.be/5w_GUe2lK4Y

compl

5.1 Chimera Software stack

As basis of our use-case, we use our internal software stack further developed from what our group presented in8. It is a
layered collection of re-usable components that can be applied to various robots and applications (see Figure 2). The
bottom layer defines drivers for individual robots and other devices like sensors. In the case of CHIMERA, there are drivers
for the UR arm and the MiR robot base (we can either choose a ROS-based driver or a driver that uses the MiR REST
interface). Above that, the next layer defines various modules for integration of devices like one for whole-body compliance
as presented in%,%° or sensor fusion and advanced motion planning.

User or top-level CHIMERA Teaching Planner
application ul
Execution WFM APl & State
APL
Workflow abstraction Workflow manager (WFM) State Provider
’ Whole-body ' )
Integrations compliance Reflex Motion Sensor fusion
MIR MIR
UR Sensors CPC-UA
Robots and drivers ROS REST

Figure 2: Software stack running on the CHIMERA robot

The workflow manager on the workflow abstraction layer orchestrates the execution of pre-defined sequences of actions.
The state provider on the same layer collects information of the internal components and provides that to all other
components. Both components are exposed to external entities by REST-based APIs on the Execution layer (the workflow
manager API and the state API). The workflow manager API is a re-usable module that can be configured according to
the capabilities of the underlying robot system. In the context of the CHIMERA robot, it allows for e.g., triggering
movements of the mobile base or the robot arm (in joint and cartesian spaces) as well as support functions like the
detection of AR tags using the wrist camera. The API provides asynchronous handling methods by returning an ID for
each triggered workflow and the ability to query the status of such a workflow as it is being executed. Similarly, the state
API adapts to the state data available from the robot system and exposes this data to the outside. Above that, components
like Uls or planners can be used to (i) instrument single robots and (i) coordinate fleets of robots. Security-wise, the

8 Haspl, T.; Breiling, B.; Dieber, B.; Pichler, M.; Breitenhuber, G. Flexible industrial mobile manipulation: A software perspective. In
Proceedings of the OAGM & ARW Joint Workshop 2019, Steyr, Austria, 9-10 May 2019. doi:10.3217/978-3-85125-663-5-10.

° Weyrer, M.; Brandstdtter, M.; Mirkovic, D. Intuitive Hand Guidance of a Force-Controlled Sensitive Mobile Manipulator. In
Proceedings of the IFToMM Symposium on Mechanism Design for Robotics, Udine, Italy, 11-13 August 2019; Gasparetto, A.,
Ceccarelli, M., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 361-368.

10 Weyrer, M.; Brandstétter, M.; Husty, M. Singularity Avoidance Control of a Non-Holonomic Mobile Manipulator for Intuitive Hand
Guidance. Robotics 2019, 8, 14, doi:10.3390/robotics8010014.
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software stack is configured and deployed according to our recommendations published in't. The components below the
execution layer are not accessible from outside the stack itself. Thus, the API provides a well defined access channel to
the robot which is secured using encrypted communication via https as well as API tokens for authorization. As we
mentioned above, sealing ROS applications is more difficult. However, within our software stack, we are able to securely
do so. We already presented an architecture for how to securely modularize robotic applications including ROS modules.
Our software stack adheres to this concept. We can also use ROS in our stack as individual modules e.g., on the driver
level. Above we provide workflow abstractions of individual ROS actions, services and publications to make them
accessible in the workflow manager. The abstraction in combination with security measures also enables securing ROS
applications with our concept.

5.2 How to use and setup the stack

e  Start with docker-compose: docker-compose up

o Access WFM-API webinterface via http://127.0.0.1:8081

e Access UR simulation webinterface via http://127.0.0.1:8080

e Stop and shutdown with docker-compose: docker-compose down

5.21 WorkflowManager API

When you successfully started the WorkflowManager API you should see the following output:

wfm-api | Now listening on: http://0.0.0.0:8081
wfm-api | Application started. Press Ctrl+C to shut down.
5.2.2 URsim

The robot simulator for Universal robots will run on port 8080.

You have to boot and start the robot first. On the lower left corner is a state indicator that will be red initially and showing
"power off". Click it, then in the next window click On. When the button changes to "start", click it again.

Press "Exit" and on the top row of symbols, click "Move" to see the robot.

5.2.3 Webinterface

The webinterface can be used to interact with the WorkflowManager. To access the webinterface of the WorkflowManager
API, open http://127.0.0.1:8081 in your browser.
The webinterface provides:

o the possibility to directly use the WorkflowManager with the available APl methods
o the openapi.json file to generate an API client for your preferred programming language

11 Dieber, B.; Breiling, B. Security considerations in modular mobile manipulation. In Proceedings of the 3rd International Conference
on Robotic Computing, Naples, Italy, 25-27 February 2019; IEEE: Naples, Italy, 2019; pp. 70-77, doi:10.1109/IRC.2019.00019.
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{1 swagger WorkflowManager.Api.ComplAl ~

WorkflowManager.Api.ComplAl =

Jswagger/current/openapi.json

WorkflowManagerAP| - Run, cancel and inspect workflows and workflow instances.

Contact Maintainer

Authorize a

WorkflowManager e
‘ﬂ /instances Get the instance ID of the workflow that is currently active, as well as the queued instances, and finished instances. ﬂ ‘
‘m /instances/{id}/cancel Cancelexecution of a workflow instance. a8 ‘
‘ﬂ /instances/{id} Gets theinstance's current parameters. ﬂ ‘
‘ﬂ Jworkflows/{fullyQualifiedName} /parameter-schema Getthe|SON-schema associated with the parameters of this workflow ﬂ ‘
‘m Jworkflows/{fullyQualifiedName}/start Startaworklfow instance. ﬂ ‘

‘ﬂ Jworkflows Get FullyQualifiedNames of available workflows. ﬂ ‘
‘ﬂ /targets GetTargetids of configured Targets. a8 ‘

5.2.4 Listing all available workflows

1. First, you need to authorize yourself by clicking the button below and entering a valid API-key.

Authorize ﬂ

2. Then you can use any of the available API methods. E.g. If you want to list all available workflows, click on the
GET /workflows button in the webinterface, like shown below

Get FullyQualifiedNames
fworkflows of available workflows. ﬁ ‘
3. Then click on Try it out
Try it out

4. And Execute

5. After a successful call, you can see the response of the APl method in the response body.

Response body

L

"
Download
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How to start a workflow

First, you need to authorize yourself by clicking the button below and entering a valid API-key.

Then you need to find out what parameters the workflow needs to run successfully. Therefore click on the GET
Iworkflows/{fullyQualifiedName}/parameter-schema button and provide the full qualified name of the
workflow.

Get the |SOM-schema
GET fworkflows/{fullyQualifiedName}/parameter-schema associated with the ﬁ
parameters of this workflow

The response body contains the properties section, which describes the parameters of the workflow as JSON-
schema.

Start a workflow with the button GET /workflows/{fullyQualifiedName}/start. Therefore, you have to provide
the fully qualified name of the workflow and the workflow parameters as json.

Start a
workflows/{fullyQualifiedName
POST / H = H worklfow a
start .
instance.

How to check if workflows are running

First, you need to authorize yourself by clicking the button below and entering a valid API-key.

Use the GET /instances method to list all workflow instances.

Get the instance ID of the workflow that is
GET /instances currently active, as well as the queued
instances, and finished instances.

The response body shows the currently active, as well as the queued, and finished instances.

Response body

"activeWorkflowIds": [
"95813bT78-24eb-4cT75-bbe5-cal3d36589ca"”

1,
"gqueuedWorkflowIds": [

"f567del3-6fdc-4494-98b4-e65f3abaclae”,
"874cc990-f5f8-4714-8dda-2c9feaT3dccd"”

1,

"finishedWorkflowIds": [
"b6960ch3-0c53-4b56-b8Tb-35246808238b" ,
"adac5677-cb2f-4550-9alc-1bfd752307F3",
"4aef3003-bB45-4fce-aBb5-a2f1962ad5e5",
"afcb95dc-T3da-42b4-aT786-4T85ad9ci2al”
1

H

5.3 Workflows

The following workflows are available:

WorkflowManager.Workflows.Basic.WaitWorkflow
WorkflowManager.Workflows.Basic.MoveArmCartesianRelativeWorkflow
WorkflowManager.Workflows.Basic.MoveArmCartesianWorkflow
WorkflowManager.Workflows.Basic.MoveArmJointRelativeWorkflow
WorkflowManager.Workflows.Basic.MoveArmJointWorkflow
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o  WorkflowManager.Workflows.Basic.MoveArmTrajectoryWorkflow
but the following are not working:

o  WorkflowManager.Workflows.Basic.MoveArmCartesianRelativeWorkflow
o  WorkflowManager.Workflows.Basic.MoveArmJointRelativeWorkflow

An instruction video for setting up and using the environment can be found at:

https://youtu.be/{K-HEwzZqd|
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6. Conclusion
This deliverable shows how to operate robots by using model-based approach.

Three types of platforms — social, virtual and physical — were presented to explain the different requirements for knowledge-
based algorithms. Algorithms that are interpreted by humans can be satisfactorily expressed by semi-formal models,
whereas algorithms that are interpreted by machines requires the expression of well-formalised models.

Independent of the executing platform, different abstraction layers introduce the separation of concerns, which is needed
to assess according ethical, legal, secure or safety perspectives.

The project identified the following abstractions layers:
(1) abstract workflow,
(2) technical workflow,
(3) platform specific abstraction, and
(4) robotic platform, loT adaptors and workflow engines.
All abstractions layers are described by sample workflows and proof-of-concept robot realisation are presented.

In order to technically realise the autonomous behaviour different forms or workflow bindings are required. Those workflow
bindings enable autonomous or smart behaviour by different “resource allocation”, which is understood as different
invocations of loT Adapters.

The project elaborated with (1) fixed, (2) pre-, and (3) late-binded workflows.
Sample workflows demonstrate how robots can be accessed by using different modelling languages.

Finally, the prototype package can be downloaded. All models presented in this deliverable can be downloaded and tested
using the remote environment of the OMILAB. Following the prerequisites and getting started steps provide the initial
hands-on-experience. In order to support the installation, adaptation and use in the virtual environment the fag@adoxx.org
email can be provided.

This deliverable is seen as the basis for the model-based assistant system prototype, which is outlined in “D4.1
Modellbasierter Prototyp eines Assistenzsystems”.
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Appendix A

complAl

compl

How to Model a
Digital
Environment?

®

Collaborative Model-Based Process Assessment for
trustworthy Al in Robotic Platforms

©BOC Asset Management GmbH from compll consorsum [ ompl

Innovation Motivation

Goals

complAl Mission

Legal, ethical and safety related issues must be considered when infroducing Al in organizations and digital
environments

Variety of Al methods has different characteristics (symbolic Al — precise and complex, subsymbolic Al —
abstract and flexible, integration of human knowledge representation and management)

Model based assistant system for decision supportin Al

Model based operation of robots (technical and functional processes)

Signature of processes (ransparentthrough ethical, legal and safety specific assessments)
Conceptualization and provision of suitable criteria catalogues

Interpretation of Al and criteria catalogue dependencies

Development of an assistant system prototype that supports model based risk management (legal, ethical and
safety)

Testing of such a system with robot platforms (haptic demonstration)

Mechanism on howto assess a process with the defined criteria

Operation of trusted processes

Publishing of sample models for assessment criteria and dependencies of domain specific case studies and Al

2
©BOC Asset Management GmbH from complal consorum C Ompl
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Objectives

* Objectives

— Usage of models for generating a digital twin, in order to assess, predict and select the most
appropriate solutions for digital environments

*  Goal
— the participants of this presentation shall be aware of:
* Three realization platforms — social, virtual and physical platforms
» Appropriate model-based approaches to create a digital twin
Algorithms that are applied on the digital twin technologies for decision support

* Theoretical and conceptual backbone of the approach
OMILAB-Corner, ADOxx.org and OLIVE framework as enabling technologies

+ Demonstration
— Proof of concept demonstration

© BOC Asset Management GmbH from complAl consorium Compl

Our Interpretation

» Digital Environment
A socio-technical ecosystem that uses digitization technology like loT, lloT, edge
computing, networks, etc. to create a digital representative of real world artefacts — a so-
called digital twin — in order to apply digital processing technology like Al, Big Data
Analytics, VR, etc. in order to create added value.

* Modelling

The process that applies methods to “system under studies” in order to create a
conceptualised representation — simplified, formalised, intentional focus — of real world
artefacts enabling the processing via methods and algorithms - query, simulation,
transformation, etc. —in order to gain insights.

» OMILAB - Innovation Corner Approach

Concept, methodology and instruments reflecting three levels of abstractions — physical,
model and application domain layer — and three perspectives — information technology,
infrastructure and project domains - in order to facilitate co-creative digital optimisation for
Innovation or co-creative digital transformation for Disruption.

© BOC Asset Management GmbH from complAl consorium C Ompl
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MODELS OPERATING ROBOTS

© BOC Asset Management GmbH from complAl consorium

compl

From Conceptual Modelling to Operationalisation

Model based Assembly Arm
using Conceptual Models
for Operationalisation

*  Scenario Layer:
Model-Based Assembly

*  Conceptual Modelling

—  Own Modelling Language for ,,Burger
Building*

—  Sequence Diagram describing the sequence

of .Burger Building“
or ,Coffee Cooking*

—  Petri Nets managing the control flow
of robot arm movements for assembling.

*  Run-Time Environment
Robot Arm: Dobot Magician

© BOC Asset Management GmbH from complAl consorium

High abstraction of the
modelling language that hides
technical information within
domain specific models.

Abstraction of the
modelling language
that hides some of
technical
information within a
sequence diagram.

Vot Lt e et v L B £ (e

wo o M) ANECOY Jadad e AL G 2
'-”: Al L Technical interaction is
-9 = @ i~ -4~ | enabled bymanagingthe
T2/ AT g = | control flow in the models and
19 d " abstracting technical
1 interaction with the robot
¥
""" compl
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Operating Assembly Arm using Models

Domain-specific Model Domain-specific Mapping
S T G e —{Execte SN use SETL 50 we can have
A
' N s .
i e doplomyeid # Posiion 1
1 SETL xPos1(256)
* Cutrently the positions off | SETL yPos1{-158)
...... =1 18 G owsts Sy | | o postien 2
3 s SETL xPos2 (256)
= rsnmiacs] Pt
o Deactrate/Actiate when
B . ecaemy TEu ;::;:: Ja 256)
b Technical - 10 ey
= - Postion 4
A I SETL xPosd (256)
> - 9 . < SV bl nteraCtlon SET\.»P:H{?I
Postion

. 5
SETL xPos5:{256)
SETL yPos5 {40)

s
TS

-------

il

[®
]

i3
35

Suction Unit
for pick-up

Fixed x and

\  position

Shopping Cart | of 16items

/' -
©BOC Asset Managemen: GmbH from complAl consorsum C Ompl

MOTIVATION

BRIDGING SEMANTIC DISTANCE BETWEEN LAYERS
AND PLATFORMS

© BOC Asset Management GmbH from complAl consorium Comp l
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The Three Platforms

* Social Platform

— Precondition: humanactor has a capability to (a) interpret informal and semi-formal models, (b) interact between
physical and digital world, (c) complete incomplete and vague models

— Model-based Approach: for human easy understandable, simple, ideally with graphical representation, no
virtualization necessary, incomplete knowledge can be easily dealt with by using hints, heuristics or images

* Adaptivity: automatically performed by human actor (6 eggs are not available, so take 10 with long BBD=best before date,
otherwise 4)

» Virtual Platform

— Precondition: online shop needs to virtualize the provided products, user accounthastto be established, APls
needs to be available, workflow engine has to be programmed

— Model-based Approach: formal correct and verifiable sequences of actions, to be executed by workflow engine
using the provided online shop APls
* Adaptivity: late-binding, rule-based workflow

*  Physical Platform

— Precondition: robotand sensor devices for the appropriate moves must be installed for the provided products,
robot and sensor devices must be secure

— Model-based Approach: forma correct and verifiable sequence of actions, to be execute by workflow engines
and robots in combination with sensors.
«  Adaptivity: late binding using rule-based workflows in conjunction with smart sensors

©BOC Asset Managemen: GmbH from complAl consorsum C Ompl

Abstraction Layers for Shopping Process?
Sau | (] [j - Li::m L[]

hopping
User

Pursonal KA

O
-
= —{==-O
S =

v
Ontine ) | s || owkesan |,
- e
i - nsa

Formalisation
Formalisation Resource Allocation

Resource Allocation Physical Awareness - Sensor

Physical Action - Actuation

Interpretation

© BOC Asset Management GmbH from complAl consorium Comp l
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Quality Check for different Platforms

When putting a package of 10 Eggs into the shopping cart,
the following quality check has to be performed:

Selection of the correct product — eggs from free-range chickens
Selection with long best before date

Count, if correct number of eggs are included

Check if eggs are broken

Check, if egg —number is correct

Social Platforms Virtual Platforms Physcial Platforms

. |
® N o
2 o IRt

* Scrambled ?
* “0-AT” ID?
©BOC Asset Managemen: GmbH from complAl consorsum C ompl

Modelling Quality Check for different Platforms

Social Platforms

o
Ha
e.g. BPMN Task + i - - Pieces?

. = Scrambled ?
Note with Images - “0-AT" ID?

Virtual Platforms

e.g. BPMN Workflow +
Service Level Agreement

Physical Platforms

e.g. BPMN Workflow +

Sensor for Security +

Sensor and Image Recognition +
Sensor and Text Processing

© BOC Asset Management GmbH from complAl consorium \ PhySicaI Workflows /Compl
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Different Abstraction Layers

Physical Interaction for taking a product with

quality check into the shoppingcart:

i

v.—'

it

— ===
&

e~ | Okt L]
{2

3 —o| semoam |

© BOC Asset Management GmbH from complAl consorium

__» APl Implementation

T APl Workflow

compl

Introduction of the 4 Abstraction Layers

Abstract Workflow Technical Workflow Platform Specific : Robotic Platform,
Abstraction : loT Adaptors and
Abstract Workflow Platform ! Workflow Engine
without Platform Independence by Platform Specificity '
Binding calling generic through specific loT
Subprocesses (or Adaptor
external operations) |
Sequence of Sequence of Encapsulation of Platform specific
robotic actions to executable platform specific ! commands and
fulfil the domain N capabilities of a APIs in form of 1 operations
specific goal robotic platform conceptmodels 4,' é
ao
© BOC Asset Management GmbH from complAl consorium Compl
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Instantiation of the 4 Abstraction Layers using BPMN and Petri Net

Abstract Workflow

Abstract Workflow
without Platform
Binding

{
b i e

2

JANS

Al might be
identified
throughout
all stages ->
Assessment
required

O-~pi (~ply~pisl & [+plsi~pil~| &
5 BN IR EE 52

© BOC Asset Management GmbH from complAl consorium

Technical Workflow Platform Specific
Abstraction
Platform Independence by
calling generic Platform Specificity
Subprocesses (or external through specific loT
operations) Adaptor

Robotic Platform and
loT Adaptor

Dobot Magician in the
OMILAB Innovation
CornerVienna

compl

Instantiation of the 4 Abstraction Layers using BPMN and Flowchart

Abstract Workflow

Abstract Workflow
without Platform
Binding

Technical Workflow Platform Specific
! Abstraction
Platform Independence
by calling generic Platform Specificity

Subprocesses (or

external operations) Adaptor

Marusby enteesd coordestas

Al might be
identified
throughout
all stages ->
Assessment
required

© BOC Asset Management GmbH from complAl consorium
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through specific loT

#Baranss
SETL xPosd 256) 1

:
,
:

SETL xPosd (256)
SETL yPosd (5)

# Suzetemes

Robotic Platform and
loT Adaptor

Dobot Magician in the
OMiILAB Innovation
CornerVienna

SETL xPosk 256) 1
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Page 39 of 69

D3.2 Bericht zum Prototypen fir die Modellbasierte Ansteuerung von Robotern



compl

Instantiation of the 4 Abstraction Layers using BPMN and Workflows

Abstract Workflow ! Technical Workflow ! Platform Specific ! Robotic Platform, loT
| ! Abstraction . Adaptor and Workflow
Abstract Workflow . Platform Independence | ! Engine
without Platform 5 by calling generic I Platform Specificity
Binding Subprocesses (or § through specific loT . DobotMagician in the

OMILAB Innovation
Corner Vienna

external operations) Adaptor

il

Workflow Engine

eg: Camunda

Al might be
identified
throughout
all stages ->

Assessment
required

© BOC Asset Management GmbH from complAl consorium

WORKFLOWS OPERATING ROBOTS

FIXED, PRE & LATE BINDING WORKFLOWS

© BOC Asset Management GmbH from complAl consorium Compl
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Explanation of different Workflow Bindings

* A Workflow executes and orchestrates a sequence of SW APIs, in the context of robots
each SW APl is an loT Adaptor that triggers a pre-programmed actuation — a certain
move — of the robot arm.

* The resource allocation or binding of a workflow is typically understood to link a certain
SW API to a particular action of the workflow, in our case of the robot arm, a particular
loT Adaptor — hence a certain move - is bound to a workflow task.

* We use the supermarket scenario to demonstrate different ways of binding a SW API -
in our case a robot arm move — to a workflow action.

— Fixed binding: The workflow and ALL the moves are predefined, when the user selects the
workflow, the user gets exactly the sequence of moves.

— Pre binding: The workflow and ALL the moves are decided just before starting with the first
move. This allows to react in case a certain move — picking up of a particular object — is not
possible and allows to consider alternatives — picking up another object instead.

— Late binding: The workflow and ALL the moves are decided just while the workflow is
executed. This allows to react on situation just before the actual move is performed

© BOC Asset Management GmbH from complAl consorium compl

The Fixed Binding Workflow

Three objects —in our case apple, bananasand grapes are picked up in this sequence and
put into the shopping cart.

In rocess 2 1-Suparmarket W1 - Fixed-Bndng | Powered by ADONIS. Comvmunty Edtic | 16.07.2020. 18.16.00

Pk 1 4o Place 1imto Pk 2bum P 200 Pk 3 tom . 13 im0
Robot Am _.[ mem]_.[ i ’“]——[ s Mﬁ" ]_’[ = —]_.[ S ]—’[ e ]_’[ e ]—“(ﬂ-umm ]_.O

lMove and grab
at fixed Position

Move and drop Move and grab Move and drop Move and grab Move and drop
at fixed Position at fixed Position | at fixed Position at fixed Position at fixed Position

X= ..
y=-
E

X® ... x= |X= x= . x=.
y= - ¥ |y=". y= =
2=
|
|

2= z= 2= =

Assessment on:
* Isthe robotarm safe, can people be hurt?
* Doesthe customer know the result?
* Is Al performing any decision the customer is unaware of?

© BOC Asset Management GmbH from complAl consorium C Ompl
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Instantiation of the Fixed Binding Workflow using Petri Nets

Three objects —in our case apples, bananasand grapes are picked up in this sequence and

put into the shopping cart.

\ 4

The objects have to be placed at the specified positions,
otherwise the robot arm will reach into the void

Initial state

-y

Buy Fruits Fruit 1

1

Apples

Bananas

Fruit 3

—-1-0-1-0—1-@®

Fruit 2

Grapes

Cont;a ption
ready

o

Reset

In a fixed binding workflow, all decisions are taken beforehand, so if there are no apples
available, the robot will reach into void or an erroneous behaviour. The Petri Net requires
step by step user interaction for the execution.

How does the robot react, if there are no apples available? = proposed solution Al

compl

© BOC Asset Management GmbH from complAl consorium

Instantiation of the Fixed Binding Workflow using Flowcharts

Three objects —in our case apples, bananasand grapes are picked up in this sequence

and put into the shopping cart.

In a fixed binding workflow, all
decisions are taken beforehand,
so if there are no apples
available, the robot will reach
into void or an erroneous
behaviour. If the fixed binding
flowchart execution is started,
it runs through without any
user interaction.

How does the robot react, if

there are no apples available?
-> proposed solution Al

© BOC Asset Management GmbH from complAl consorium

Set map header (D)

Move arm to

Drop obyect

Dropped at
position

3

Stat )

Determine object
positions

l

Currently the positions of
the different objects are
hardcoded

5
%
-

—-__-
—_—

position of

\

Transfer to
shopping cant

5
i

position of

applesis

shopping cart
is hard coded

&
2
-

‘_E

3

008

Transfer to
shoppeng cant
Grapes

i

Transfer to
shopping cart

8
#
Id—

5

hard coded

&
i
3 »|

Reset Robot

— e - -
Deactivate/Actnate when

necessary. Takes about

10 seconds.
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Instantiation of the Fixed Binding Workflow using BPMN

Three objects —in our case apples,
bananasand grapes are picked up in this
sequence and put into the shopping cart.

In a fixed binding workflow, all decisions
are taken beforehand, so if there are no
applesavailable, the robot will reach into
void or an erroneous behaviour. If the fixed
workflow execution is triggered, it handled
fully automatically by the workflow engine.

How does the robot react, if there are no
applesavailable? - proposedsolution Al

© BOC Asset Management GmbH from complAl consorium

@

Move To Piate

Al Integration on the 4 Abstraction Layers

Abstract Workflow | Technical Workflow
Abstract Workflow | Platform
without Platform ! Independence by
Binding calling generic
| Subprocesses (or

external operations)

Platform Specific
Abstraction

Platform Specificity
through specific loT

Adaptor

Robotic Platform,
loT Adaptors and
Workflow Engine

-4

Mechanisms for
product

Al is enabled by B

means of > .
simulation and Ont:)k:)gles ;r
optimization rule base
approaches)

Mechanisms for
product
allocation (eg:
ontologies or
rule based
approaches)

Al is enabled by
means of
sensors

(eg: image
recognition) and
services (eg:

OLIVE services

for discovery
evoked by
workflow engine)
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The Pre Binding Workflow

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananas and grapes available - and put into the shopping
cart. In case there are no applesavailable—a pear will be used; in case no bananasare
available a strawberry is used; in case no grapes are available—blue berries are taken.

T3 et W0 Ve g | P oy N335 Gty B | W HT 08 17 W

=== S0

Woveansgas | [Mowandarep | [Mowesragras | [Moveandorop | [Wovessagras | [Move ancarop
ot Postion o tanc Postion | | ot Postin ot a3 Postion | |at Postton ot fxec Positon

e e 2 ™~ o

i " [ye= .- = r
2 = e - e =

Assessment on:
* Isthe robotarm safe, can people be hurt?
* Does the customer know the result?
* Is Al performing any decision the customer is unaware of?

© BOC Asset Management GmbH from complAl consorium compl

Instantiation of the Pre Binding Workflow using Petri Nets

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananasand grapes available- and put into the shopping
cart. In case there are no apples available—a pear will be used; in case no bananasare
available a strawberry is used; in case no grapes are available—blue berries are taken.

The objects have to be placed at the Pre-Binding
specified positions, otherwise the - template with alternatves
. . 1 3
|n the p re b in d i ng Initial state robot arm wall reach into the void exclude (delete) not required paths before execution

workflow, the product

availability for all fruits D (]
iS CheCked at the B 1 Appies 1 /Bananas\ 1 Grapes 1

beginning.

Buy Fruits Frurt 1 Fru|| 2 an 3
A \ /
Applesand bananasare
available. Grapes are Fowbern®

Pears Bluebemes

not available, therefore g .
Blueberries are taken. oy u

4

Contraption Reset
ready

Al integration for checking an allocation by applyinga rule based approach with user
interaction. In this sample Al is applied on the technical workflow layer.

© BOC Asset Management GmbH from complAl consorium Comp l
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Instantiation of the Pre Binding Workflow using Flowcharts

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananas and grapes available - and put into the shopping
cart. In case there are no apples available—a pear will be used;
in case no bananasare available a strawberry is used;

in case no grapes are available— blue berries are taken.

In the pre bindingworkflow, the

product availability for all fruits is — 1C=50 Wty anored oo
Select Fruit 1 X
1 H A w v .W:‘m %
checked at the beginning o ,I (] )
Pears # Pears
; ) e S
Applesand bananasare available. = P s it
Grapes are not available, therefore » / i ¥ SEn ypons e
Blueberries are taken. slct it 2 <[ 1 e | SET APt 256
Select Frut 2 / o ¥ Lt
[ Tomto o Suontenes
. . . Strawberties mToco:; cat gglt‘%’gz :S?)
Al integration for checking an i ¥ e
allocation byapplyinga rule based [ ] om Rt
approach with user interaction. In e f&o‘:,’g
okt x shopping can sl
this sample Al is applied on the St P2 . [y N
= Grapes eset Robot SETL yPos8 {186)
technical workflow layer. o
] o & )
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Instantiation of the Pre Binding Workflow using BPMN

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananasand grapes available- and put into the shopping cart.
In case there are no apples available—a pear will be used;
in case no bananasare available a strawberry is used;

in case no grapes are available—blue berries are taken.

Choose Fruit1,2 and 3

ot _BPMN_Frum_sreBinseg bv. 1008

In the pre bindingworkflow, the product =
availability for all fruits is checked at the
beginning.

Applesand bananasare available. Grapesare
not available, therefore Blueberries are taken.

Al integration for checking an allocation by
applyinga rule based approach with user
interaction. In this sample Al is applied on the
technical workflow layer.

© BOC Asset Management GmbH from complAl consorium
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The Late Binding Workflow

Three objects — in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananas and grapes available - and put into the shopping
cart. In case there are no apples available — a pear will be used; in case no bananas are
available a strawberry is used; in case no grapes are available — blue berries are taken. The
availability is not checked at the beglnnlng of the workflow but at the beginning of each
robot arm move. [Er=TTE=TEETET————

-O
(== H:':H g HT] @f.[ﬁ]ﬂurw_ ] —

s iy | (o ansasy
at Posson o taad Poszon

Assessment on:
* Isthe robotarm safe, can people be hurt?
* Does the customer know the result?
* Is Al performing any decision the customer is unaware of?
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Instantiation of the Late Binding Workflow using Petri Nets

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananasand grapes available- and put into the shopping cart.
In case there are no apples available—a pear will be used;

in case no bananasare available a strawberry is used; | e hcada e e ki

in case no grapes are available—blue berries are taken. '

Initial state

L}
In the late binding workflow, the E
product availabilityis checked each u
time a fruit is chosen. "“7' o
Al integration for checking an oo | o T \_: e ';/
allocation by applyinga rule based b //’
approach.In this sample Al is H < / /
applied on the platform specific P
abstraction layer. Beberies /

P

../" H =
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Instantiation of the Late Binding Workflow using Flowcharts

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananasand grapes available - and put into the shopping cart.
In case there are no apples available—a pear will be used;
in case no bananasare available a strawberry is used;

in case no grapes are available— blue berries are taken. et )
. . Binding of fruits until shoppiny
In the late binding workflow, i mshed (Cancal)
the product availability is st Fik X | R
3 St s 3 SETL yPos1:(-158)
checked each time a fruit is r— Fes] =
Pears (manually) SETL xPos2:(256)
chosen. o ; SETLypos2 (107)
Grapes
Blueberries < s@ égmﬁ"axsg (25576)
Al integration for checking an X wrossEn
5 3 Cancel #Grapes
allocation by applyinga rule =] — SENL Yoot (3)
based approach. In this [ Pexwrnn | St
sample Al can be appliedon -y Si“"’““‘“’
. L[| Transferto # Cherries
the robotic platform layer by Son Rt
means of services. , # Blueberres
NO0E SETL xPos7.(256)

Reset Robot SETL yPos7:(135)
Arm

# Plums
SETL xPos8 {256)

SETL yPos8:(186)

© BOC Asset Management GmbH from complAl consorium Ei k] o J

Instantiation of the Late Binding Workflow using BPMN

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in
case there are enough apples, bananasand grapes available- and put into the shopping cart.
In case there are no apples available—a pear will be used;
in case no bananasare available a strawberry is used;

dobot_URL=hitp:110.0.6.32:8080\0b0t
55

in case no grapes are available—blue berries are taken.

o

In the late binding workflow, the
product availability is checked each

e

sove To Save

:—é’

1P0s_Blosbarry=256

time a fruit is chosen B " R
2 Strawberry e el %W‘m
Grape *Pos_Lor Postison
Blueberry o )
Al integration for checking an No Fruit O ,,I
allocation byapplyinga rule based - wg@_ | ey
approach.In this sample Al can be SR s
) a : 3 e “Prorimiee @
applied on the robotic platform -~ St G O
layer by means of services. Sensor & -
information can be provided to the - == ®
Dreop ONF

workflow engine, which invokes an Mo o [ &
OLIVE service forinstance. g1

Reset Dovot

'
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Our Demonstration

» We want to physically demonstrate with the robot arm Dobot
Magician, how the three different workflows are operated.

» We simulate real fruits with cards only showing the fruits.

» We place six boxes - apples, pears, bananas, strawberries, grapes,
blue-berries — next to the robot arm.

* Every sensor, computing or Al interaction is simulated by a user
interaction of the modelling tool with the user.

» We model each aforementioned BPMN process in flow charts and use
the basic move flow charts for the Dobot Magician that interacts with
the corresponding loT Adapter.

* Running the different flow chart models demonstrate the interaction
with the user — that simulates Al interaction — and consequently the
flexibility of the robot arm.

©BOC Asset Managemen: GmbH from complAl consorsum C Ompl

Possible Demonstration Settings

* OMILAB at BOC Vienna

— Connection to the BOCInnovationLAB
network

— Robot Arm Interface:
http://10.0.6.32:8080/dobot/ui/

» External Location with Internet
access

— Robot Arm Interface:
http://lab.boc-group.eu/dobot/ui/

All sample models are provided in the compl@i prototype package.

© BOC Asset Management GmbH from complAl consorium C ompl
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Appendix B

WORKFLOWS OPERATING ROBOTS

FIXED BINDING OF RESOURCES

©BOC Asset Management GmbH from complAl consorsum C Ompl

Introduction of different Workflow Bindings

» A Workflow executes and orchestrates a sequence of SW APlIs, in the context of
robots each SW APl is an loT Adaptor that triggers a pre-programmed actuation
— a certain move - of the robot arm.

» The resource allocation or binding of a workflow is typically understood to link a
certain SW API to a particular action of the workflow, in our case of the robot
arm, a particular loT Adaptor — hence a certain move - is bound to a workflow
task.

» We use the supermarket scenario to demonstrate different ways of binding a SW
API - in our case a robot arm move - to a workflow action.

— Fixed binding: The workflow and ALL the moves are predefined, when the user selects the
workflow, the user gets exactly the sequence of moves.

— Pre binding: The workflow and ALL the moves are decided just before starting with the first
move. This allows to react in case a certain move — picking up of a particular object — is
not possible and allows to consider alternatives — picking up another object instead.

— Late binding: The workflow and ALL the moves are decided just while the workflow is
executed. This allows to react on situation just before the actual move is performed

© BOC Asset Management GmbH from complAl consorium Comp l
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The Fixed Binding Workflow

Three objects — in our case apple, bananas and grapes are picked up in this sequence and put into the shopping
cart.

7 1-Supmemacket Wi e Bmdng | P erunty Edoon | 1607 2020, 19 14 00

Pick Obpect 1 bam Place Otpect 1 i Pk Ooect 2 hom Frace Obpect 2t Pick Otyect 1 e ’
YW —>| Recrssaam |—e| PHERE _’[ Shoggeeg Cat _’[ Box? 1_’[ Sroppng Cat ]_’[ ) ]

Move and grad | [Move and drop
at fixed Posiion | [t fixed Posttion

\

s
e =
=

|
|

[Moveand drop | [Moveandgrab | [Move and drop

| Move and grad
at fixed Position ot fixed Position at fixed Position

|t fixed Position

|x=
y= y= y= y=
|2= = z= =

Assessment on:
* |s the robot arm safe, can people be hurt?
» Does the customerknow the result?
* s Al performing any decision the customeris unaware of?

© BOC Asset Management GmbH from complAl consorium C ompl

INSTANTIATION OF THE FIXED BINDING
WORKFLOW

© BOC Asset Management GmbH from complAl consorium C Omp[
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Instantiation using Petri Nets

7 The objects have to be placed at the specified positions,

otherwise the robot arm will reach into the void

Initial state

F-o-i-9-1-9-1-0

Buy Fruits Fruit 1 Apples Fruit 2 Bananas Fruit 3 Grapes

~ 1

B i

Contraption Reset
ready

©BOC Asset Management GmbH from complAl consorium Comp l

Instantiation using Petri Nets

The cbpects have 10 be placed at the spaciied postions. The obyects have to be placed o the speciied positions,
\ otherwise the 1obce am wil r6a<h into the vord \ SEMWIS B 1620t A Wil HCh int the voud
ol state il state

i—-otreo—-i-0—i1-o i—o-i—-9o1rreo—i-o

Buy Fruts Frut 1 Frot 2 Bananss Frut3 Buy Fruts Frue 1 Frue 2 nanas Froa 3

] T

J o J L}

Contragtion Reset Contragtion
ready roady

The objects have 10 be placed at the speckied postions. The objects have to be placed ot the pocioepmm
therwise the roboe aem wil reach into the vod ‘ctharwise the ro20t arm wil reach nto the
Intial state intial state

i—-o-i-o-i-g{r}e i—9-1-9-i-9—1-9

Buy Fruts. Frot 1 Frot 2 Frut3 Grapas. Buy Fruts Frue 1 Bananas Frua 3

y N 1
5 N & !

Contragtion Reset Contragtion
ready ready

©BOC Asset Managemen: GmbH from complal consoraum C Ompl
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Instantiation using Flowcharts

©BOC Asset Management GmbH from complAl consorium

Determine obgect
positions

_gle
i

-

Transfer to
shopping cant

5

Bananas

§

-
4]
52
g
F
& T
Sz
g3

g

‘_E

%

Transfer to
shopping can

§

®

22
|3zl

&

e

Currently the positions of
the different objects are
hardcoded

Deactivate/Activate when
necessary. Takes about
10 seconds.
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Instantiation using Flowcharts

Determine object
positions

I%

§

Transfer to
hopping can

5
i

g

-
)
g
P,
T
-
g3

5
%

Grapes

ii

Transfer to
opping cart

§

F4

:

2
i e

g

m
g
2

© BOC Asset Management GmbH from complAl consorium

Currently the positions of
the different objects are
hardcoded

position of apples is hard coded

Deactivate/Activate when
necessary, Takes about
10 seconds.

Pick up at
position

4—.

Set map header (P)

Move arm to safe
position (P)

Move arm to
object

Grab the object

Raise armsobject
1o safe postion

Picked up
from posttion

compl
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Instantiation using Flowcharts

Transfer to
shopping cant

N

©BOC Asset Management GmbH from complAl consorium

Currently the positions of
the different objects are
hardcoded

position of shopping
cart is hard coded

Deactivate/Activate when
necessary. Takes about
10 seconds

Drop off at
position

.

Set map header (D)

Move arm to
position

Drop object

Dropped at
position

Instantiation using Flowcharts

-
- -

© BOC Asset Management GmbH from complAl consorium

Currently the positions of
the different objects are
hardcoded.

Deactrate/Activate when
necessary. Takes about
10 seconds.

Page 53 of 69

Set map header (R)

Arm reset
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Instantiation using BPMN

A A
3

~| E3
§

B

£s

Pick up (move up)

a
O<_ "_

%]

©BOC Asset Managemen: GmbH from complAl consorium Compl

Instantiation using BPMN

Hif

)
@)

A Drop off at
e | S position
2 '

Y
ES
position
v
e Beun
*
@)
v Move to shopping
=
Drop0t
@)
' i
suction cup)
v
e oPuN
Picklp
'
v
Oropt
G
v
@)
¥ o=
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Instantiation using BPMN

(o166 -6 B

Reset
Robot Arm
CB
©BOC Asset Management GmbH from complAl consorium Compl

Instantiation using a Workflow Engine

© BOC Asset Management GmbH from complAl consorium Comp[
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Appendix C

WORKFLOWS OPERATING ROBOTS

PRE BINDING OF RESOURCES

©BOC Asset Management GmbH from complAl consorsum Ci Ompl

Introduction of different Workflow Bindings

» A Workflow executes and orchestrates a sequence of SW APlIs, in the context of
robots each SW APl is an loT Adaptor that triggers a pre-programmed actuation
— a certain move - of the robot arm.

* The resource allocation or binding of a workflow is typically understood to link a
certain SW API to a particular action of the workflow, in our case of the robot
arm, a particular loT Adaptor — hence a certain move — is bound to a workflow
task.

» We use the supermarket scenario to demonstrate different ways of binding a SW
API - in our case a robot arm move - to a workflow action.

— Fixed binding: The workflow and ALL the moves are predefined, when the user selects the
workflow, the user gets exactly the sequence of moves.

— Pre binding: The workflow and ALL the moves are decided just before starting with the first
move. This allows to react in case a certain move — picking up of a particular object - is
not possible and allows to consider alternatives — picking up another object instead.

— Late binding: The workflow and ALL the moves are decided just while the workflow is
executed. This allows to react on situation just before the actual move is performed

© BOC Asset Management GmbH from complAl consorsum Compl
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The Pre Binding Workflow

Three objects —in our case apple, bananas and grapes are picked up in this sequence —in case
there are enough apples, bananas and grapes available - and %ut into the shopping cart. In case
there are no apples available — a pear will be used; in case no bananas are available a strawberry is
used; in case no grapes are available — blue berries are taken.

= = = et B0

134

Movesnagrab | [Moveanaccp | [Moveansgd | [Movesna
 Poaition 1 fxed Posion | |at Posson

veanacrop | [Movesnsgao | [Move anaarop
o fund Poanicn | | ot Posticn ot tans Peaton

" y2r y n-

Assessment on:

Is the robot arm safe, can people be hurt?
Does the customer know the result?
Is Al performing any decision the customer is unaware of?

© BOC Asset Management GmbH from complAl consorium Compl

INSTANTIATION OF THE PRE BINDING
WORKFLOW

© BOC Asset Management GmbH from complAl consorium C Ompl
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Instantiation using Petri Nets

The objects have to be placed at the Pre-Binding
N specified positions, otherwise the - template with altematives
bitdetat robot arm will reach into the void. - exclude (delete) not required paths before execution
nitial state

E ’:—>A|Qes\ 1.7 BanDanas
J

N
Buy Fruts Frut 1 Frﬂ |
L’D/ N

v J
D/ \D/

Pears Strawberries Blueberries
1 -
4 d
Contraption Reset

ready

© BOC Asset Management GmbH from complAl consorium
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Instantiation using Petri Nets

Pre-Binding
- template with alternatives
- exclude (delete) not required paths before execution

The objects have to be placed at the
\ specified positions, otherwise the
robot arm wall reach into the void

Pre-Binding
— Apples available

— Bananas available

Initial state

[—>D\ 1/'Balna]n\

— Grapes NOT
available -> take
blueberries

© BOC Asset Management GmbH from complAl consorium

~1_~ :Grapes: a1
)\

J
P > 4
Buy Fruits Fruit 1 Fruit 2 Fruit 3 \ /
Pears awbem¥s Blueberries
=4

. )
Contraption Reset

ready
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Instantiation using Petri Nets

Petri Net after Pre-
Binding selection
— Apples available
— Bananas available

— Grapes NOT
available -> take
blueberries

© BOC Asset Management GmbH from complAl consorium

The objects have to be placed at the Pre-Binding
specified positions, otherwise the
robot arm will reach into the void
Initial state

[‘—>AQS\ = 1/'Baanas\A

D J 4

Buy Fruits Fruit 1 Fruit 2

- template with alternatives
- exclude (delete) not required paths before execution

Blueberries

.

Contraption Reset
ready

Instantiation using Flowcharts

© BOC Asset Management GmbH from complAl consorium

Manually enteced cocedinates

Apples
SETL xPos1.(256)
SETL yPos1(-158)

# Poars
SETL xPos2 (256)
SETL yPos2 (-107)

SETL xPos3 (266)
SETL yPos3(5T)

# Grapes
SETL xPosd (256)
SETL yPosd (9)

# Strawbernes
SETL xPos5 (266)
SETL yPoss (40)

# Chermes
SETL xPos6 (256)
SETL yPosk (88)

-
e ¥
=

# Bluebermes
SETL xPos? (256)
SETL yPos7 {135)

# Plums
woos SETL xPos8 (256)
SETL yPos8 (186)

-4

7
m
2

—
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Instantiation using Flowcharts

St coordmaten Imanuaby) Opareticn §C - Opesstion code

# Sebcra a1
CC “Adstongt” LISTROX antres| Applan@buan ) toksep( §7) wiecton Aoty
Chgghe et P 1] bosnuh et bt

=1 e
K i
e ,
S—— ,
Select Fruit 2 X
Concel
L Sebect Fruit 2
& hsrge
CC"AduSompt’ USTROX ertries ( Bonamasd 5t saterrs ) toksep (& e
setection | Bananas ) b “Select Frut ) bortert  Select Frut ') Strawberries.

SETL P2 Pesd)
fri g sy

# Selecten Frut |
€ “AdsSenpt” LISTRON artres GenpasOhvebarmes’)sckoegs( O
Sebecton{ Geapen) bt "Sebect Frt 1) beutest Sabect ot 3
Select Frus 3:

¥ setection » “Gn
UM hruekiapent)
N fstiPont)
)

58 e
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Select Fruit 1 X

Sebect Fruat 1:

[ e

Select Fruit 3 *

Instantiation using Flowcharts

© BOC Asset Management GmbH from complAl consorium
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Pick up Fruit 1 (Extemal Operation (FC)) o X
s Passed Varisbles: +x00 | 440
s Variable Description
S 1 [ 1Pos
s 2 ot Pos L |
3 AdoScript +
5 HITP call o
4 - = o]
5 System call -
S Rstumed Varisbles +X00 | Complex woe ¥
o Time/Costs |
o ROE properties
3 General purpose
3
@ Statpoigt: +xX00
= | Pick up at possion Bl 2b - Flowchart Functions
= y ¥ e model of the referenced

biect .
;
-

Q0

Marusly entered coordastes

# Appies
SETL xPos1(256)
SETL yPos1 (:158)

# Pears
SETL xPos2 (256)
SETL yPos2(-107)

# Bananas
SETL xPos3 (266)
SETL yPos3 (7)

# Grapes
SETL xPosd (256)
SETL yPosd ()

# Strawbermes
SETL xPos’ (256)
SETL yPoss {40)

# Cherres
SETL xPosb (256)
SETL yPos5 (83)

# Blusbemes
SETL xPos7 (256)
SETL yPos7(135)

# Plums
SETL xPoss (256)
SETL yP0s8 (185)

Manually ectered coccdnates

# Apples.
SETL xPos1(266)
SETL yPos1(-156)

#Pears
SETL xP0s2 (256)
SETL yPos2(-107)

# Bananas.

SETL xPos3(256)
SETL yPos3 (47)
# Guapes

SETL xPosd (256)
SETL yPosd (9)

# Strawbarries
SETL xPoss (256)
SETL yPos5 {40)

# Charmes
SETL xPos$ (256)
SETL yPosh (88)

# Blusbemes
SETL xPos7 (256)
SETL yPos7 (135)

# Plums

SETL xPos8 (256)
SETL yPos3 (186)
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Instantiation using BPMN

SRITHE

Manual selection
to pre-bind fruit
1,2and 3 to
specific fruits like
apples, bananas
and blueberries

% * z o 4 # s

© BOC Asset Management GmbH from complAl consorium

Instantiation using BPMN

© BOC Asset Management GmbH from complAl consorium
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Instantiation using BPMN

Drop off at
position

Move to save
position

*FF

Move to shopping

g8
e

-

off
P

3

Drop (tu
suction

2

O~

- i et - -
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Instantiation using BPMN

-

iy

# |2 oF 2 5 h
o| & |ePDiglePDigle| & |-P @i o |15
! E g; ! E ! e

z
i

b v
------- @
&
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Instantiation using a Workflow Engine

compl

Choose Fruit 1, 2 and 3
Dobot_BPMN_Fruits_preBinding (v. 1.0) &

i set follow-. A set due date

fif Add groups & Demo Demo x I

- =

© BOC Asset Management GmbH from complAl consorium

Instantiation using a Workflow Engine

© BOC Asset Management GmbH from complAl consorium
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Appendix D

WORKFLOWS OPERATING ROBOTS

LATE BINDING OF RESOURCES

©BOC Asset Management GmbH from complAl consorsum Ci Ompl

Introduction of different Workflow Bindings

» A Workflow executes and orchestrates a sequence of SW APlIs, in the context of
robots each SW APl is an loT Adaptor that triggers a pre-programmed actuation
— a certain move - of the robot arm.

* The resource allocation or binding of a workflow is typically understood to link a
certain SW API to a particular action of the workflow, in our case of the robot
arm, a particular loT Adaptor — hence a certain move — is bound to a workflow
task.

» We use the supermarket scenario to demonstrate different ways of binding a SW
API - in our case a robot arm move - to a workflow action.

— Fixed binding: The workflow and ALL the moves are predefined, when the user selects the
workflow, the user gets exactly the sequence of moves.

— Pre binding: The workflow and ALL the moves are decided just before starting with the first
move. This allows to react in case a certain move — picking up of a particular object - is
not possible and allows to consider alternatives — picking up another object instead.

— Late binding: The workflow and ALL the moves are decided just while the workflow is
executed. This allows to react on situation just before the actual move is performed

© BOC Asset Management GmbH from complAl consorsum Compl
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The Late Binding Workflow

Three objects —in our case apple, bananas and grapes are picked up in this sequence - in case
there are enough apples, bananas and grapes available - and put into the shopping cart. In case
there are no apples available — a pear will be used; in case no bananas are available a
strawberry is used; in case no grapes are available — blue berries are taken. The availability is
not checked at the beginning of the workflow but at the beginning of each robot arm move.

Assessment on:
» s the robot arm safe, can people be hurt?
* Does the customerknow the result?
« Is Al performing any decision the customeris unaware of?

© BOC Asset Management GmbH from complAl consorium Compl

INSTANTIATION OF THE LATE BINDING
WORKFLOW

©BOC Asset Management GmbH from complAl consorium C Ompl
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Instantiation using Petri Nets

The objects have 1o be placed a1 the specified positions.
otherwise the robot arm wil reach ito the void

d

o fat

Initial state

: ~~dﬂ’l#ddﬂ‘#’amnn
EWE; F::!} \ |

1

>
Contragtion Reset
ready
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Instantiation using Flowcharts

Binding of fuits until shopping

is finished ("Cancel”)
# Apples
SETL xPos1:{256)
Y SETL yPos1:(-158)
o s
- Set
Sot cocedinates (manually) (Opesaticn [FCT - Operation code o | # Pears
(manuall
CC"AdoSenpt LISTBO! ! n A SETL xPos2/(256)
“AdoScript” LISTBOX entres: £
| Fappt n | dovly < Eodbetes ¥ SETL yPos2(-107)
| toksep"0") selestion " Apples”) tae{"Sebect Frut) boutert Grapes #Banonas
| CSelect Frua) Bl Banas
L—— huibaales SETL xP053:{256)
IF (selection = “Agples”) Y 26— 7
SETL sFrut(xPost) - SEn yPo’j 1)
[ SR frotport e — ¥ G
e : [ 0 s
] aFnit (Posd)
|Ena — . - ST st (9
)
| F (selection = “Bananar”) | Pick up Frut # Strawbemes
| SETLafru(Posd) SETL xP0s5:(256)
SETL yFrut(yPos3f SETL yPos5:(40)
13
| IF (setection « “Strmwbermies™ |
| SER sFruit(xPos$) # Cherries.
e ooy SETL xP0s6:(256)
| ¥ tsmecton = “Geaper 1 SENL yPos5:(89)
| SERL sFrut (Pesd)
| SER yFrat(yPosd) # Bluebemes
| ¥ seecton « Burtement SETL xPos7(256)
| SER aFrat(xPosT) SETL yPos7:(135)
| SER yenstiyPesn) o
! #® Plums
o SETL xPos8:(256)
£2¢ characters | Ln 13 Col 20 SETL yPos8:(186)
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Instantiation using BPMN

'

-
Binding of

©BOC Asset Managemen: GmbH from complAl consorsum C Ompl

Instantiation using BPMN

4+ Manual selection
S | - to late-bind fruit
N Fruit :
during process
n Pick up at
¥ position
] !
N no Move 1o save
Fruit selected? posst
Move to position
(fut)
1
' 4
3 - BPMN Pick Up (move
PickUp U U WU U —— down)
'
A
3¢ - BPMN Pick up (suction
S DropOff cup on)
. '
Pick up (move up)
3c - BPMN Reset
v
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Instantiation using BPMN

Reset
Robot Arm

v

© BOC Asset Management GmbH from complAl consorium

N Drop o‘ﬁ at
N\ L) position
Frut selected? *
Move to save
position

Move to shopping
cart

+ - — — -

Drop (turn off
suction cup)

Ea
S

compl

Instantiation using a Workflow Engine

© BOC Asset Management GmbH from complAl consorium

dobot_ URL=hitp:110.0.8.32:8080\s0bot
xPos_Apph256
¥

Reset Dot
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