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1. Introduction, objectivesandtasksof O3

The elearning virtual laboratory platform conceived in the frame of O3 has been designed especially
for anyone who iager to gain knowledge & expertise in the conceiving, realizing & testing -of bio
mechatronics systems for people with special needs (with amputated arms). -ldanéng virtual
laboratory platform has been conceived by the EMERALD project consortium in such way to be easy
accessed & used online. In the context of the pandemic, when physical access to laboratories was
restricted, new teaching methods were foreseen to be implemented. In this context, it was intended
that the users can easily access the EMERAEBreing virtual laboratory platform in such way that

they will have the feeling as they are being present in the physical laboratories in the end: The e
learning virtual laboratory platform that has been conceived in the frame of O3 (see Fig.1.1) it is not
just a place where users can simply look around, but it is a place of a full learning environment. Every
digital laboratory room that can be also visualized in VR mode is focused on the presenting of a
particular step in the chain of conceiving, realizing & producing of ankichatronic system for
people with amputated arms contains lot of different learning materials, starting with VR/AR reality
applications that have been conceived with the purpose of helping the user to comprise all the
constructing elements of a bio-mechatronic system, up to practical tools on doing VR/AR
programming & continuing with other clear explanations with annotations related to the equipment
items that are present in different labs & their characteristics (e.g. 3D printer name, model + link to
producer), links to videos related to the operating of specific equipment/software, connected to the
above mentioned annotations, links to course modules & toolkit (PDF files, results of 01/02), links
from which there can be downloaded freely available/online software programs for CAD, CAE, 3D
printing & others. In order to have a logical manner of understanding & following things, a schematic
image & one set of instructions have been provided to the users before they are going to access the
virtual laboratories as one may notice on the next following link: https:/project-

emerald.eu/?page_id=40Actually the way the online rooms have been set up takes users on a full

journey for a better understanding the steps that are necessary to be followed for producing bio
mechatronic systems fopeople with amputated arms, starting with 3D scanning, then continuing
with the CAD design, being followed by CAE validation, in close correlation with testing & selecting of
the materials,3D printing of the physicalparts, addingof the necessarsensorsassemblingf the

system programmingtesting& exploringof the conceivedsystemusingVR/ARnN the end.

Disclaimer: This results was realiseith the EEA Financial Mechanism 2&BP1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirely with the author(s).
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EMERALD e-learning virtual laboratory platform

Step 1 Step2 Step 3 Step 4 _Step5 _Step6
3D Scanning CAD & CAE Testing & Materials 3D Printing Sensoring, Assembling & Virtual & Augmented
Laboratory Laboratory Laboratory Laboratory Programming Laboratory Reality Laboratory
PUT TUCN upPB PUT UiA Bizzcom
TUCN - Technical University of Cluj-Napoca, Romania UiA — University of Agder, Norway PUT - Poznan University of Technology, Poland
UPB — Univerity Politehnica of Bucharest, Romania BIZZCOM - BIZZCOM s.r.0. Company, Slovakia

Fig.1.1Concepif the e-learningvirtual laboratoryplatform

The elearning virtual laboratory platform has been conceived as one-baded platform that is

accessibldy WWWbrowser(see Figurd..2).
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Fig.1.2 Accessingf the e-learningvirtual laboratoryplatform throughthe www browser

Eachinstitution of the EMERALLzonsortium has been askedto provide digital image of real
laboratory room (possible to be launched also by dedicated external application with the use of
VR/AR technology), captured by 360 degree camera, containing basic information about the
equipment contained in particular given rooms according to the topic of the room that has been
assignedto each institution. Sincethey had previous experiencein building AR applicationsin
particular & in using of Web learning methods, Bizzcom company (Slovakia) has been assigned as
leadinginstitution for producingthe e-learningvirtual laboratoryplatform.

The distributing of the virtual laboratory rooms for the EMERAl&aming platform has

beenrealizedby takinginto consideratiorthe experienceof the EMERALDonsortiumpartnersé&

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
for the information andviewsexpressedherein liesentirely with the author(s).
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their previous collaborative work done with the other partners in the consortium within the
EMERALD project until this phase of the project (see Figure fislnvay, Poznan University of
Technology(PUT)hastaken the main responsibilityin preparingthe virtual laboratoryroom related

to the 3D scanning process, while the Technical University cN@pgca has been assigned to take
care about the next following steps (laboratory of CAD/CAE), dealing with both design & engineering
aspectsUniversityPolitehnicaBuchares{UPB)wasgiventhe mainrole of testing & assigningf the
**Omaterials, while PUT (which have more than 40 3D printers in their laboratory) have been
assignedto take the responsibility of realizing the 3D printing laboratory room. Taking into
considerationthe experience that theUniversity of Agder(UiA) has concerning the sensorizing,
assembly & programming domain (as well as inrhechatronics), they have been assigned with the
main role oforganizing ofspecific educational tools & methodkat are related tothis domain in

their virtual laboratory. Last, but not least BIZZCOM, which have high experience withnigesive
technologies,have taken the responsibility of preparing the AR/VRVvirtual laboratory room (in
cooperation with PUT). In order to provide claritgncerning the challenging developing process of
bio-mechatronic systems for people with amputated arms, on the EMERALD official website that is
hosting the elearning virtual laboratory platform it has been featured a vegthanized schematic &
guide (with specific laboratories assigned to each partner of the EMERALD consortium), in order to
lead usersto follow the virtual laboratoriesin a logical way, by accessingstep-by-step each
laboratory (as well as all facilities that are being offered in each laboratory) so as they can comprise
easier all steps that the conceiving, developing, producing & testing ehbihatronic systems for

peoplewith amputated arms arassumingo.

2. EMERALE-learningVR/ ARplatform

2.1. 3Dscanningaboratory room (PUT)

3D scanning virtual laboratory room which has been assigned to the Poznan University of
Technologyas one may notice in Figure 2.1.1 can be accessedrom the www interface of the

EMERALDproject (https://project-emerald.eu/?page_id=404or directly by accessingthe next

followinglink: https://my.matterport.com/show/?m=NXHcatKcdW7&sP=95,.1&ss=37

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
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EMERALD e-learning virtual laboratory platform 0s)
Step 1 Supl Step 3 Step 4 Step 5 Step 6
i 4 i : + 4
30 Scanning CAD & CAE Testing & Materials 0 Printing Sensoring. Assembling & Virtual & Augmented
T urs PUT
Y v v v v v
Click to visit virtual
laboratory
TUCN - Technical Univeruty of Clup-Napoca, Romania UIA - University of Agder, Norway PUT - Poznan Univensity of Technology, Poland
UPB - Univerity Poitehnica of Bucharest, Romania BIZ2COM - BIZZCOM 5.1.0, Company, Skovakia

Figure2.1.1. Accessingf the 3Dscanningvirtual laboratoryroom from the e-learningplatform

EMERALD Virtual Laboratory platform 3D Scanning

Steps:
Step 0. Start - laboratory entrance (you are here)
Step 1. Lecture - 3D scanning principles.

& EMERALD_Virtual_Laboratory_platform_-_3D_scanning_PUT_description.pd!  273.8kB ¥

View more

D)

Figure2.1.2.Main entranceof the 3D scannindaboratoryof PUT

The 3Dscanning virtual laboratory room at PUiat canbe seen inFigure 2.1.2, has been
realized using Matterport Pro camera, the captured images undergoing in further processing using
Matterport software, allowing the integration of educational materials related to 3D scanning for the
bio-mechatronic components that have been developed within the EMERALD project related to this
topic in particular. The laboratory itself is also a XR laboratory (containing various Virtual, Augmented
and Mixed Realitydevices)and as suchis usedasa multi-purposelaboratory¢ it will be referredto

in one of the next chapters.

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
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The elearning virtual laboratory platform dedicated to the 3D scanning stage in particular offers
an enriched educational experience that is tailored to the first step thaewessary to be followed
concerning the developing of bimechatronic systems destined for people with special needs (with
amputated arms) such as orthoses, prostheses or robotic arms. The main aim of the platform in
relation to 3D scanning aims to familiarize the users and facilitate their comprehensive learning and
understanding by providing them a smooth advancement and gradual progression concerning the
teaching materials and resources the users are following and are accessing otetiraieg virtual
laboratory platform. In this sense, upon entering the 3D scanning virtual laboratory room, users gain
access to a structured curriculum that starts with foundational course materials that cover the basics
of 3D scanning methods, then they have access to highly practical laboratory tutorials, completed
with toolkits and instructional videos that are providing the users step by step information data on
how they have to do the 3D scanning of specificrhimchatronic components for people with special
needs(like orthoses,prosthesesand robotic arms,and finallyusershave acces$o 3D scanned
library of models, which corresponds to the models that are being presented in the tutorials, toolkits
and instructional videos, along with information faccessing of various software programs that the
users can download and work with them, to goeparing offiles. The course of 3D scanning
available in the laboratory has been divided into 4 main steps (Figure 2.1.3), with some additional
information available besides these steps: Step 0. Stdmboratory entrance, Step 1. Lectuce3D
scanning principles, Step 2. 3D scanning of human diwideo , Step 3. Software for scanning data

processingStep4. Tutorialson limb scandata processing.

Figure2.1.3.3Dscanning; stepsof the course
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Step 0, accessible right after entering the laboratory (green marker), contains overview of all
the other steps and a short document with information for the Virtual Laboratory Bieect link to
this starting point is here: https://my.matterport.com/show/?m=NXHcatKcdW7&sr=
.62%2C.96&ss=63&tag=wOmz3i7TmWRc&min=20.76%2C1%2C2.22

The elearning course available on the virtual platform offers a meticulously structured and

all-encompassing approach to the field of 3D scanning, with a specific emphasis on its application in

the field of prosthetic devicedesign a®nemay noticein Figure 2.1.4.

Presented by 3Dspot.pl \
Q © EMERALD Iaborator;L:e
°

Step 1. Lecture - 3D
scanning principles

Figure2.1.4.3Dscannindectureaccessing

This comprehensive course is thoughtfully divided into several interconnected steps, each
contributing to a holistic understanding of the subject matter. The journey begins with a fundamental
introduction to prosthetic design, setting the stage by underscoring the crucial role of customization
and individualization in this field. This initial phase is highly exemplified to visually comprise the

importanceof tailoring prostheticdeviceso meetthe needsof peoplewith amputatedarms.
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As the course is continuing, transition into the complex world of 3D scanning techniques is being
made. These techniques are meticulously categorized into two distinct categooieisict and non
contact methods. The nuances of each method are explored in depth, offering students a profound
understanding of the subject matter. This phase of the course also features comprehensive
discussions on specific 3D scanning modes, including CT, MRI and photogrammetry, with visual aids

providedin Figure2.1.5.

Figure2.1.5.3Dscanningprocessegxamplegetailedin the presentation

Building upon this foundation, the course takes a deep dive into the field of data processing in
prosthetic design. This step encompasses broad spectrum of essentialtopics, including data
formats and processingsteps. Studentsare guided through the stagesof segmentingDICOMdata
and transforming point clouds into complex 3D models, whiladdition to theoretical knowledge,
the course introduces learners to a suite of indispensable software tools including Slicer, MIMICS,
MeshMixer, and MeshLab. This haras exposure equips students with practical skills for navigating
thesesoftwareplatformseffectively.

An important twist in the course is given by the statiethe-art review of 3D scanners designed
for human body parts. This segment not only traces the evolution of these scanning devices but also

highlightsthe transitionfrom entry-leveloptionsto advancedorofessionaigradescanners.

Disclaimer: This results was realised with the EEA Financial Mechanisrf@@l1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBifity
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Complementingthe theoretical aspectsof the course are tutorial videos that offer a
practical dimension to the learning experience. These videos are meticulously segmented, with each
segment offering a detailed exploration of various facets of the scanning process. The initial segment
focuses on the setup and preparation of patients, demonstrating the utilization of the Dawi2l SLS
scanner. Figure 2.1.6 provides a visual representation of the patient scanning rig setup, ensuring

studentscomprehendhe criticalinitial stepsin the scanningorocess.

[ nt scannlng station -

Flgure2 1.6. Tutorlalwdeoc patient scanningig

Continuing on this journey, the video is doing transition to a comprehensive explanation of the
scanning methodology. This includes a meticulous breakdown of scanner movements, data collection
from diverse positions, and intricate software interactions that are integral to the process. Visual aids
concerning the AutoMedPrint software and illuminate the scanning process with the Davdl SLS
scanner, respectively are being provided in the course (Figure 2.1.7). The second significant part of
the video takes a fascinating turn by delving into the use of a manual 3D scanner, the EinScan Pro.
This segment is richly detailed in the course, offering adeipth look at the software's operation
during the scanningprocess. Additionallythe video features a practical demonstration of hand
scanning, providing reaklife scenario thatbringsthe scanning proceds life.

This instructional video serves as a vital resoupagticularly for studentsequipped with
similar scanning devices. The detailed descriptions and handdemonstrations provide a clear
pathway for learnersto not only grasp but also efficiently operate the software and hardware

essentiafor 3Dscanning ohuman limbs.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
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Figure2.1.7.Tutorialvideosg scanningwvith DavidSLS3 and EinScarPro

Following the instructional video, theourse seamlessly goes into its third phase, which
revolves around software for 3D scanning data processing. This segment, as shown in Figure 2.1.8,
guides students on accessing oggource and freeware software such as GOM Inspect and MeshLab.
These software tools play a pivotal role in processing 3D scanning meshes, equipping students with

the practical skillsequiredfor data manipulation.

Step 3. Software for
scanning data processing

Figure2.1.8.3Dscanning; softwareinstructionaccessing

The fourth phase immerses students in hadslaboratory work centered on 3D scan data
processing.This section encompassescomprehensiveinstructions and tutorials for processing
scanned data using MeshLab software. Within this phase, students engage in critical operations such

asdataselectioncleaning hole closing, andheshreconstruction.
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Furthermore, it highlights MeshLab's macro recording capabilities, allowing users to
efficiently reutilize andmodify macros, thereby enhancing thefficiency of the data processing
workflow.

The 3D scanninglaboratory section of the e-learning platform is further enriched by a
selection of additional teaching materials, meticulously designed to deepen students' comprehension
and practicalskills in 3Dscanning. These resources aeelored to the specific goal of creating
customizedbiomechatronicdeviceslike prosthesesOneof the standoutsupplementarymaterialsis

aVirtual RealityVR)executableapplication,asshownin Figure2.1.9.

Virtual training of <
3D printing
process

ORBIT

Figure2.1.9. Interactive Virtual Realitytutorial application¢ to be downloadedfrom the platform

Thisinteractivetutorial transcenddraditional learningmethodsby immersingstudentsin a
virtual environment where they can fully immerse themselves in the entire process of working with
the AutoMedPrint system. This encompasses aspects of 3D scanning, design, and 3D printing. The VR
experienceempowersstudentsto independentlyexploreand understandthe scanningprocedurein

a highlyengagingand handson manner,fosteringa deeper levebf comprehension.
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2.2.CAD CAHaboratory (TUCN)

Computer Aided Design / Computer Aided Engineering (CAD / CAE) virtual laboratory room
which has been assigned to the Technical University ofNalppca, as one may notice in Figure 2.2.1
can be accessed from the www interface of the EMERALDproject (https://project-
emerald.eu/?page_id=404or directly by accessinghe next followinglink:
https://bizzcom.viewin360.co/share/collection/7J4Qk?logo=0&info=0&fs=1&vr=1&sd=1&init
load=0&thumbs=1

EMERALD e-learning virtual | latfo K
| step1 step2 | step3 |stepa_ | steps step6
) » ¥ ¢ 4 i ’ _ +
mE Em mp RS R
v T v v v v
Click to visit virtual
laboratory
[ mcn-1mndmamwmxmdmmmu;-mmaw,nWw.mimmm-‘muummmmm.mm

Figure2.2.1.Accessingf the CAD/CARirtual laboratoryroom from the e-learningplatform

The Virtual Laboratory tour begins at tleatrance of the TUCN main building, as shown in
Figure 2.2.2. Upon entering the building through the main corridor, one may access the CAD/CAE
virtual laboratoryof TUCNasshownin Figure2.2.3.

Fig.2.2.2Entranceof the TUCNmainbuilding
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Fig.2.2.3Accesgo the CADY CAHaboratory(TUCNJjrom the maincorridor

The CAD/ CAE virtual laboratory room at TUCN that can be seen in Figure 2.2.4 has been

realized using Insta 360 camera, the captured images undergoing in further processing using Kuula

software, allowing the integration of educational materials related to CAD/ CAEfor the bio-

mechatronic components that have been developed within EMMERALD project related to these

topics.

Step 3_CAD

T ik
opological and geometrical sep2.cap KA
\l -l

optimization of CAD models
JESCRIPTION

Con ter Alded Design of
ted

Figure2.2.4.CAD CAHaboratoryof TUCN
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The elearning virtual laboratory platform dedicated to the Computer Aided Design (CAD) stage
followed by Computer Aided Engineering(CAE)in particular offers an enriched educational
experience that is tailored to the design of bitechatronic systems destined for people with special
needs (with amputated arms) such as robotic arms, orthoses and prostheses,focusing on the
necessary steps that are particularly necessary to be followed after the initial 3D scanning process of
patients. The main aim of the platform in relation to CAD / CAE aims to familiarize the users and
facilitate their comprehensivelearning by providing them a smooth advancementand gradual
progressionconcerningthe teaching materials and resourcesthe users are following and are
accessing on the-kearning virtual laboratory platform. In this sense, upon entering the CAD / CAE
virtual laboratory room, users gain access tsteuctured curriculum that tarts with foundational
course materials that cover the basics of CAD, then they have access to highly practical laboratory
tutorials, completed with toolkits and instructional videos that are providing the users step by step
information data on how they have to do the designing of spebifiemechatronic components for
people with amputated arms (like robotic arms, orthoses, prostheses) and finally users have access to
CAD / CAE library of models, which corresponds to the models that are being presented in the
tutorials, toolkits and instructional videos, along with information for accessing of various CAD/ CAE
software programs that the users can download, replicate the CAD / CAE steps they are seeing being
made in the instructional materials or modify them in a very stimulative, creative or innovative way,
by working further on their own case studies they have been generated in this way by using the
EMERALD-earningvirtual laboratoryresources.

The resume of the4earning course on bimechatronic systems for peoples with special needs,
particularly those with amputated arms, is mainly focused around CAD (Cormpidiedl Design)
lecture. This lecture servesas the cornerstone of the course, providing learners with a solid
foundation in CAD and 3D modeling, specifically tailored to the design @hdxbatronic systems,
including prostheses and orthoses. The lecture comprehensively covers various modeling technigues,
including solid modeling, surface modeling, hybrid modeling, wireframe modeling, and mesh
modeling, each tailored to specific design needs. It emphasizesthe importance of assemblyin
creating complex models and delves into key CAD software programs, such as Autodesk's Inventor,
SolidWorks,Fusion 360, MeshLab,and GOM Inspect, elucidating their roles in CADand mesh
modeling. Practical examples, like the "shell" and "spline" approaches to orthosis design, showcase

the applicationof these concepts (Figuiz2.5).

Disclaimer: This results wesalised with the EEA Financial Mechanism 22021 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirely with the author(s).
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Additionally, the lecture highlights the role of automation in medical product design, exemplified
by the AutoMedPrint system developed by PoznanUniversity of Technology,a groundbreaking
system integrating 3D scanningand printing for efficient prosthesesand orthoses production,

particularlybeneficial forpediatric patient{Figure2.2.6).

PARAMETERS

|_RELATIONS |

CAD MODEL
STRUCTURE
(TOPOLOGY)

hand length "a”

dont change

don't change
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wymiar_b forearm length (healthy imb)
veymiar ¢ arm length (stump)
wymiar_d1 arm section 1 - bbox size y
wymiar_d2 arm section 1 - bbox size x
wymiar_e1 arm section 2 - bbox size y
wymiar_e2 arm section 2 - bbox size x
veymiar_f1 |arm section 3 - bbox size y
wymiar_f2 arm section 3 - bbox size x

odsuniecie offset value at the elbow

Figure2.2.6.AutoMedPrintsystemusedfor designingof the orthosesandprostheses
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The course further advances students' understanding through additional lectures,
presentations, and practical laboratory work. An additional lecture presentation explores the
AutoMedPrint system in depth and goes deeper into CAD design for various case studies, especially
for patients with amputated arms. This presentation provides comprehensive insights into design
engineering, engineering-order, and individualized design concepts, emphasizing their significance
in bio-mechatronic system design. It also covers CAD stages3postanning, including surface
deletion, hole closing, and mesh repairing, crucial for individualized design. The presentation offers
detailed information on the AutoMedPrint system, highlighting its integration of innovative
techniquesand programminganguages foautomatedbio-mechatroniccomponentdesign.

The third step of the CAD section introduces a lecture presentation focused on Topological
and Geometrical Optimization, essential for designingrbachatronic systems like robotic arms,
orthoses, and prostheses.This module emphasizesthe importance of topology optimization, a
structural technique that strategically distributes material within products to enhance efficiency and
customization.Thelecture also exploreslattice structures,different lattice types, and their benefits
in bioomechatronic systems. The CusBased Method (CBM) and PatteBased Method (PBM) are

explainedfor scaffold3Dmodelcreation,with practicalapplicationsshowcased.

Fig.2.2.7Topologyoptimizationusedfor realizingof the orthoses

In the fourth step of the CAD section, students transition from theory to practical application,
engaging in handen laboratory work for designing bimechatronic systems. This step provides
access to a variety of CAD models, accessible via a Google Drive link, allowing students to download
and customizethem for enhanced aesthetics, functionality, or design. CAD software packages

necessaryor laboratoryexercisesincludingAutodeskinventor, SolidWorksand MeshLab,are

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
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linked to, offering studentsfree access. In the fifth step, the course shifis practical laboratory
work, guiding students through the process of designingrbéchatronic systems, particularly for
people with amputated arms. It offers comprehensive CAD toolkit manual, instructional videos, and
exerciseslinked to CAD models on Google Drive, focusing on designinga modular prosthesis

adaptablefor pediatric andadult usergseeFigure2.2.8).

Figure2.2.8.Thefinal modelof the prosthesigealizedusingMeshLabsoftware.

The toolkit manual covers the precision design of key components, like the forearm section and C
handle, using Mesh Lab. It also explains the depigitess and modifications for enhanced grip
stability and comfort, essential for activities like cycling. Furthermore, the toolkit discusses the CRS
socket's transformation for adult use in cycling. To enhance practical learning, the course offers
additional laboratory support materials under the O3 framework. These resources include tutorials
focused on CAD modeling using Autodesk Inventor, providinglstepep instructions for modeling
bio-mechatronic components like orthoses and prostheses (Figure 2.2.9). The tutorials emphasize
personalization for real patients, covering parametric design requirements, lattice structure
integration, and cutting operations. They encourage students to apply their creativity and problem
solving skills, fostering innovation in bisechatronic system design. In this way théearning course
equips students with a comprehensive understanding of CAD inmbihatronic system design,
providing theoretical knowledge, practical laboratory work, and valuable resources for designing

specializedieviceso improvethe livesof people withspecialheedsin the end.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedhereinliesentirely with the author(s).
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Figure2.2.9.Bio-mechatroniccomponentsorthoses prosthesespivenin the tutorials

In Step 1 of the CAE (Computer Aided Engineering) section;ldereng course provides a
foundational understanding of CAE and Finite Element Methods (FEM). It emphasizes the significance
of engineering calculations and introduces methods like Finite Element Method (FEM) as a powerful
tool for solving complex engineering problems. FEM simplifeege problems by breaking them
down into smaller elements and is widely adopted for its versatility. The course covers setting up and
solving problems withFEM using modern software, includingesh creation, application of forces
andconstraints,andequationsolving.

The Finite Element Analysis (FEA) aspect of CAE is provided as critical tool for simulating
material and structural responses. A case study of a wrist hand orthosis is analyzed using SolidWorks
Simulation to determine stress distribution and deformation under different force levels. The course
outlines the main steps of FEA,including defining material properties, mesh generation, and

interpretingresults (Figure 2.2.10).

Figure2.2.10.Definingmaterial properties,meshgeneration,andinterpretingresultsin CAE

In Step 2, an additional presentation focuseson practical CAEapplicationsin case studies
involving real patients. It introduces professional CAE software programs like ABAQUS and ANSYS and
exploresspecific steps required for diverse case studies, including robotic arms, bone structures, and

implants.Thepresentationhighlightsthe importanceof CAEN materialselectionfor 3D printing.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
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Figure2.2.11.CAEN materialselectionfor 3D printing

Step 3 involves hanesn laboratory work and teaching resources. A toolkit manual guides
students through CAE analysis using SolidWorks Simulation, focusing on adimppprosthesis
subjected to a tensile test. Load cases simulating different traction forces are applied, and results are
visualized as von Mises stress distribution. A webinar format provides a dynamic explanation of the
CAE analysidn Step 4,a tutorial by PUT focusesn CAE analysissing AutodeskInventor for a
bicycle prosthesis. This tutorial allows students to compare results between different software
programs. It assesses the prosthesis's ability to withstand static loads, such as leaning on bicycle
handlebars. An Autodesk CAE video tutorial provides detailed instructions on creating new parts or
scenariosfor CAEanalysisin Autodesk Inventor. Another instructional video demonstratesCAD
modifications and CAE analysis for a hand orthosis made of ABS material by 3D printing (Figure
2.2.12).

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity

for the information andviewsexpressedherein liesentirelywith the author(s).
= U . A University
@ I I I A of Agder

up S
9]
bizzcomn ¢




Iceland [P[l]:'

Liechtenstein Workingtogether for a greern, competitive and inclusiveEurope
Norway grants

Figure2.2.12.Tutorialsfor CAEanalyses

In the CAE virtual laboratory, students apply learning resources to conduct their own CAE
analyses on various CAD models. These projects showcase student innovation and skill development,
with examples featuring different types of lattice structures and materials. These practical examples
highlight the realworld utility of the educational resources and emphasize the importance of hands
on experience in CAE. The EMERAIldaming platform encourages an innovative approach to

learningand problemsolvingin the field of CADY CAE.

Figure2.2.13.CAD CAEnnovativeapproachto learningandproblemsolving
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2.3. Testing& Materials virtual laboratory room (UPB)

Testing& Materials virtual laboratory room which has been assignedto the University
PolitehnicaBucharest(UPB),as one may notice in Figure2.3.1 can be accessedrom the www

interface of the EMERALDproject (https://project-emerald.eu/?page _id=4Q04 or directly by

accessing the next following link:
https://bizzcom.viewin360.co/share/collection/7JhIB?logo=0&info=0&fs=1&vr=1&sd=1&initload=0&

thumbs=1
EMERALD e-learning virtual lab y platf
step1 Step2 Step3 _stepa_ steps steps
+ b 4 4 + b
TUCN UIA
v Vv v
Click to visit virtual
laboratory
TUCN - Technical University of Cluj-Napoca, Romania UIA - University of Agder, Norway PUT ~ Poznan University of Technology, Poland
UPB - Univerity Politehnica of Bucharest, Romania BIZZCOM - BIZZCOM s.r.0. Company, Slovakia

Figure2.3.1. Accessing of the Materials characterization & testing virtual laboratory room from

the e-learningplatform

TheVirtual Laboratorybeginswith one of the mainlaboratoryroom of UPB institution

relatedto the Testing& Materialscharacterizatior(like it is shownin Figure2.3.2).

Information about
[ Mechanical Testing and Materials labor:

e

Presentation
ing the types of 3D-printed
samples to be tested

O 0 o o . -

— e

RAMAN spccmscopy

Fig.2.3.2Testingand Materialscharacterizatioaboratory
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TheTesting& Materialscharacterizatiorlaboratoryroom of UPBthat canbe seenin Figure
2.3.2 has been realized using In8&0 camera, the captured images undergoing in further processing
using Kuula software, allowing the integration of educational materials related to the Material
characterization and testing for the braechatronic components that have been developed within
the EMERALD project related to this topic, including mechanical testing (with the description of the
main methods that areused for such testing, like tensile strength testing, compression testing,
hardness, etc), continuing with different types of microscopy analyses (like SEM / TEM) or other
characterizing methods (like FTIR, etc) and ending up with other additional important methods of
analyses, like quality engineering (tolerances) or aspects related to the plastic aesthetics. Concerning
the educationakesourceghat are providedwithin the e-learningplatform in relation with the

Testing & Materials virtual laboratory resources are referring mainly to the course module
that has been realized by the UPB partner in the frame of O1, completed by an additional lecture that
has been realized by the UPB partner within O3 concerning the Polymeric materials, referring in

principleto the onesthat canbe processedy 3D printing technologies.

Figure2.3.3.Example®f applicationsandstructuresrealizedby 3D printing technologies

In this lecture there are provided valuable information about the new types of materials that
have been lately developed for the 3D printing technologies, including new types -afdbigials.
Second set ofhformation refers to different types of microscope analyses that are being explained in
terms of working principles (Figure 2.3.4), settings, equipment items (types, performances, etc) so as
the usercanget easilyfamiliarizedwith thesetype of equipment/ instrumentsand the importance
of the evaluating that is being realized based on microscopy and other types of analysesalke X
spectroscopy, etc. Information related to preparing of the samples for different types of analyses, are

beingprovidedin the laboratory.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
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Figure2.3.4.SEMvs TEMmicroscopymethods

In terms of mechanical testing one additional lecture (and presentation) has been added in

the frame of O3 focusing on the presenting of different types of methods thatuaesl for the

realized testing, like Tensile strength, hardness determination, toughness tests, etc. These aspects

were integrated within the room by short descriptions that have been made (while different spots in

the room are being accessed by the users), by short relevant photos that are providing steps that are

followed on different proceduresor by videosthat have been realized/ filmed while different

components (like dandorthosis)hasbeen mechanicallfested.

Almost purely elastic
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Two sudden displacements
of the orthosis halves
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both elements fit together
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case, the connection with
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o

slight deformation at
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Figure2.3.5.Mechanicatestingof the orthoses
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Mechanicaltesting of severalsamplesmade of different types of materialsin order to
determine the mechanical characteristics to be included in the CAE analyses for a much reliable
assessment of the results in terms of CAE done not relying on data undertaken from library of the
programs / catalogues from the internet are being provided also. Last, but not least, an additional
lecture related to highly important aspects regarding the prescribed precision and manufacturing
precisionof implants, prosthesesand orthoseshasbeen preparedby the UPBpartner (in the frame
of O3) to emphasize the importance of quality control / quality assurance / precision and tolerances
of the realized biemechatronic systems, aspects that come in completion to the already provided

information aboutthe Materialscharacteristicand testingmethods(Figure2.3.6).

o umare

Figure2.3.6.Precisiorandtolerancesof the realizedbio-mechatronicsystems

Presentations on different other topics like Plastic aesthetics has been included in the virtual
laboratory on Testing & Materials also. In this laboratory, taken into consideration the complexity of
the methods and the fact that these methods are depending on the existing logistics and
infrastructures existing on the physical laboratories, on tHeaning virtual laboratory platform of
EMERALD were used images or videos when there have been explained practical things. For the
students (users) it was important tanderstand the role of these methods in determining real
characteristicsof the testing that are being made and the importance of these determined
characteristicdor selectingthe propermaterialsfor certaintype of bio-mechatroniccomponents.

In order to support the students (users) with the selection of proper materials, in the toolkit
manual that has been prepared in the frame of O2 and have been integrated into-ldareng
platform, students (users) are being teach and can do a real practical thing by accessing the Total

Materiadatabasehat iswidely usedfor determiningof the materialspropertiesin concordancewith

DisclaimerThisresultswasrealisedwith the EEAFinanciaMechanism2014-2021financialsupport. Its content (text, photos, videos)does
not reflect the official opinion of the ProgrammeOperator,the NationalContactPointand the FinanciaMechanismOffice. Responsibility
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the type of biemechatronic component they are aiming to realize (see Figure 2.3.7). In this way, step
by step, following this tutorial students (users) are being teach how to select the proper material
(from several alternatives) in concordance with the requirements of the bio-mechatronic
componentsto be made from different types of materials (plastic, metallic, ceramic) in close

correlationwith the mechanicatharacteristics (mechanicedsistance)n the end.

Om  Total Materia

KeyBenefits  What's Inside ~ Resource Center A

y Algorithms for the

of Unknown Materials

Figure2.3.7.TotalMateria databasefor proper selectingof the materialsto be usedfor realizing

of bio-mechatronic components using 3Dintingtechnologies
2.4, 3Dprinting virtual laboratory room (PUT)
3D printing virtual laboratory room which has been assigned to the Poznan University of

Technologyas one may notice in Figure2.4.1 can be accessed fronthe www interface of the

EMERALDproject (https://project-emerald.eu/?page _id=404or directly by accessingthe next

followinglink: https://my.matterport.com/show/?m=NXHcatKcdW7&sP:95,.1&ss=37

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
+ N v B B i
30 Scanning CAD & CAL Testing & Materials 30 Printing Semioring. Assembling & Vietual & Augmented
Ut Tue urs L
v v v J Vv v
Click to visit virtual
laboratory
TUCN - Technca! Universty of Oup-Nagoca, Romana URA - University of Agder, Norway PUT - Pozman University of Technology, Poland
UPB - Univer ity Poiterwuca of Bucharest, Romanis BZZCOM - BIZCOM 1.7 0. Company, Skovehia

Figure2.4.1.Accessingf the 3D printing laboratoryroom from the e-learningplatform

Disclaimer: This results was realiseith the EEA Financial Mechanism 2&BP1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirelywith the author(s).
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If the 3D scanning laboratory is accessed first, it is still possible to travel to the other lab, as
physically they are in one space (see Figure 2.4.2). The guideline for traveling to the 3D printing lab
starting from 3D scanning lab is presented in Figure 28iRilarly as the 3D scanning virtual
laboratory room at PUT, 3D printing laboratory, has been realized using Matterport Pro camera, the
captured images undergoing in further processingusing Matterport software, allowing the
integration of educational materials related to 3D scanning for thenbézhatronic components that

havebeendevelopedwithin the EMERALDProjectrelated tothis topicin particular.

3D printing

S
3Dscannindaboratory

P T, t PoBBo Ve o1t OF TAch oAbl b )

] 3Dprinting laboratory 3Dprinting laboratory

¢ . 5Plamt @

Figure2.4.3.Reachingo the 3D printing virtual laboratoryof PUT
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In this Virtual Laboratory, it is possible to explore 3D printing processesof parts of
biomechatronic devices created as case studies of the EMERALDproject. The users can get
familiarized with 3D printing techniques of polymeric materialDM and PolyJet technologies, then
seeeducationalvideosabout how different devicesare manufactured.Thelast stepis learninghow
to create programsfor these devices by use of videotutorial and instruction of installationand use
of programsfor that purpose. The course of 3D printing availablein that part of PUT virtual
laboratory has been divided into 6 main steps (Figure 2.4.4), with multitude of additional information
available besides these steps. Users (students) are asked to explore on their own the laboratory and
openeverything they think coulte interesting.

Steps: Step 0. Stactlaboratory entrance, Step 1. 3D Printing course module and lecture, Step 2.
Fused Deposition Modelling ¢ wrist hand orthosis ¢ tutorial video, Step 3. Fused Deposition
Modelling ¢ bicycle prosthesis gripper tutorial video, Step 4. Fused Deposition Modellihgnkle
foot orthosisc tutorial video, Step5. PolyJetg mechatronicprosthesisgripper ¢ tutorial video, Step

6. Tutorialson creatingprogramsfor 3D printing processes

In Step 1 of the 3D Printing section of the EMERALL[®-learning platform, students are
introduced to the basicsof 3D printing, particularly in the context of creating bio-mechatronic
systems for individuals with special needs, such as amputated arms. This step includes foundational
course materials, including an O1 course module aletire in slide format. The lecture focuses on

the workingprinciplesof major 3D printing methodsapplicableto bio-mechatroniccomponents.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirely with the author(s).
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The course module on 3D printing, created by partners PUT and TUCN in the EMERALD
consortium, is accessible through the 3D printing laboratory of theaening platform. This module
provides comprehensivetheoretical information crucial for understanding various 3D printing

technologies andheir applicationsn biomechatronics.

NS 3 &

Figure2.4.5.3Dprinting technologiesandtheir applicationan biomechatronics

Key aspects covered in the module include the introduction to Additive Manufacturing (AM),
3D printing in medicine, biomechatronics, basics of 3D printing technology, a review of 3D printing
technologies, preparation for 3D printing processes, examples of 3D printed biomimetic devices, and
a case study on a therapeutic wrist hand orthosis. This step lays the foundation for students to
understand the essentials of 3D printing, particularly in the context of designing and manufacturing
bio-mechatroniccomponentssuchasorthosesand prostheses.

In the EMERALDIearning platform, Steps 2 to 5 in the 3D printing section involve watching a
series of timelapsed videos that demonstrate the 3D printing processes of various biomechatronic
device parts (Figure 2.4.6). These steps provide a practical insight into the manufacturing of
components related to specific EMERALD project case studies. The videos showcase the printing of
different parts using a range of 3D printers and materiaffgring learners an understanding of the
nuances and particularities of 3D printing in the field of biomechatronics. Each video focuses on a
different componentand utilizesvarious3D printing methodsand materials,providinglearnerswith

ahandson understandingof the 3D printing processandits applicationsn biomechatronics.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
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Figure2.4.6.Video3D printing tutorials

In Step 6 of the EMERALDe-learning LJt | { FIDNhENG section, students at Poznan
University of Technology have the opportunity to delve into the practicsgects of 3D printing
software. This step offers a compound video tutorial that demonstrates the use of three different
software solutions for preparing programs to manufacture parts of biomechatronic devices related to
the EMERALD project's case studies. The tutorial guides students through key points to consider
during the preparation process and encourages them to indtadl respective software and try out
the processes themselves. This haotisexperience ensures that learners can graspdbmplexities

andsubtletiesof 3D printing softwarein the contextof creatingbiomechatroniadevices.

= o \ |
i ‘/-'"';f" ’]l}' | ,.-«\
Figure2.4.7.Tutorialguidesfor the students

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programn@perator, the National Contact Point and the Financial Mechanism Office. Responsibility
for the informationandviewsexpressedherein liesentirelywith the author(s).
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In Steps 8 through 10 of the TUCN laboratory rooms, students usingldareng platform
are provided with an immersive and educational experience in the world of 3D printing. Step 8 invites
students to virtually visit th&D printing labs at TUCN, where they can explore videos demonstrating

how thesetechnologiesoperateandobservevariousapplicationgealizedat TUCNFigure2.4.8).

Y Different partsmade by
3D Printer (SLM)

Applications for 3D Printing Technology (SLM)

Sinterstation 2000 equipment
TR RV

Figure2.4.8.Labtours of TUCNnN whichstudentscanexplorevideos,equipmentitems, applications

Step 9 offers a range of tutorials and videos covering topics from preparing files for 3D printing to
specific techniques and methods. Finally, Step 10 showcases good practice examples of 3D printed

modelsby students,providinginsightsinto their creativeuseof FDMprinting technology.

o European Network For 30 Printing

Narwar s+ Of Biomimetic Mechatronic Systems

@ Sovestime and money (expeciedy for
repeats)

® invoives the potient in design. improves
oesthetics

Figure2.4.9.Tutorialsandgoodpracticeexamplegealizedby the students

Disclaimer: This results was realiseith the EEA Financial Mechanism 2&BP1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity

for the information andviewsexpressedherein liesentirely with the author(s).
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2.5. Sensoringassemblyand programmingvirtual laboratory room (UiA)

Sensoring, assembly apdogramming)virtual laboratory room whiclmas been assigned tbe
University of Agder (Norway)as one may notice in Figure2.5.1 can be accessedrom the www

interface of the EMERALDproject (https://project-emerald.eu/?page_id=404 or directly by

accessing the next following link:
https://bizzcom.viewin360.co/share/collection/7J4Z9?l0go=0&info=0&fs=1&vr=1&sd=1&initload=0&

thumbs=1

Click to visit virtual
laboratory

\ TUCN « Techmical University of Oy Napoca, Ramania UNA ~ Univerity of Agder, Narway PUT - Posman University of Techwology, Poland

i UPB - Univerity Poltehnica of Bucharest, Romania BQICOM - BIICOM 17 5 Company. Sovabia
Figure 2.5.1. Accessing of the sensoring, assembly and programming virtual laboratory room from

the e-learningplatform

TheVirtual Laboratorytour beginsat the entranceof the UiA main building,asshownin Figure
2.5.2. Uporenteringthe buildingthroughthe maincorridor,one mayaccesgshe sensoringassembly

andprogrammingasshownin Figure 2.5.3.

B ) e
R ITES NS ] e |
Figure2.5.2.Entranceof the UiAmainbuilding

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBiéty

for the information andviewsexpressedhereinliesentirely with the author(s).
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3D printing in
bio-mechutronics

Figure2.5.3.Accesdo the sensoringassemblyand programmingaboratory (UiA)

Thefirst virtual laboratoriesto visit at UiAwhich canbe seenin Figure2.5.4havebeenassigned

for the sensoricsactuatorsandfor additionalaspectgelated tobio-mechatronic.

Lecture: Seasors in Bio-mechatronics|

Figure2.5.4.Virtuallaboratoryof sensoricsactuatorsandbio-mechatronicg UiA

In samewaythere havebeenassignedspecificlaboratoriesfor the Assemblingand Programming

topic at Universityof Agder(UiA)asone maynotice presentedin Figure2.5.5.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
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Figure2.5.5.Assemblingand programmingvirtual laboratoriesat Universityof Agder(UiA)

All figures that can be seen in Figures 2.5.3 to 2.5.5 have been realized using Insta 360 camera, the
captured images undergoing in further processing using Kuula software, allowing the integration of
educational materials related to the sensoring, assembly and programming of thadabatronic

componentghat havebeendevelopedwithin the EMERALProjectrelatedto thesetopics.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBiéty

for the information andviewsexpressedherein liesentirelywith the author(s).
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The e-learning virtual laboratory platform dedicated to the sensoring, assembly and
programming stage in particular offers an enriched educatiespkrience that is tailored to the bio
mechatronic systems destined for people with special needs (with amputated arms) such as robotic
arms, orthoses and prostheses, focusing on the necessary steps that are particularly necessary to be
followed after the 3D printing of the component, step that is continuing mainly with the sensoring,
assembling and programming of such systems. The main aim of the platform in relation to sensoring,
assemblingand programming aims to familiarize the users and facilitate their comprehensive
learning by providing them first the basics on types of sensors that can be used for such type of
systems, followed by the assembling of other important components, like step engines or actuators
and ending with the programming steps that are necessary to be realized for such type of systems. In
order to comprise easier all these steps, students (users) are invited to go through some lectures /
courses on the beginning so they can comprise the terminology and the basics, and to go afterwards
to a set of instructional videos or applications or toolkits through which they can easily understand
how sensoring, assembling and programming of suckh#@ohatronic systems has to be realized in
the end.

In Step 1 of the Sensorimgurse module in the EMERAL®earning virtual laboratory, offered
by UPB partner as part of Objective 1, students are introduced to the critical role of sensors and
electronics in bio-mechatronic systems (Figure 2.5.6). This foundational step emphasizesthe
importance of creating a material connection with the process under observation and provides an

understandingpf how sensorgnteract withprocesseso provide measurabléata.

i)

- ) : =
——— —_1 "‘M( )) |
Al | O guw

Figure2.5.6.Differenttypesof sensorghat are usedfor the bio-mechatronicsystems

The module then proceedsto an extensiveanalysisof sensorscategorizingthem into parametric
(passivepnd generative (activaypes.

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirely with the author(s).
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Parametric sensors like strain gages, RTDs, and capacitive sensors are explored in detail, along with

generative sensorssuch as accelerometersand photodiodes. This section offers comprehensive

insightsinto sensomperationsandapplications.

Coupling Capacitor

AC signal
Passes
through

Circuit 1 _l H Circuit 2

DC signal K l: LN e
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Primary
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winding

Figure 2.5.9. Other system components that is necessary to be integrated withimeloioatronic

systems

Signal conditioning is another critical aspect covered in the course, explaining hadajx
sensoroutput for compatibility with other system components. Operationslike input coupling,
filtering, amplification, and isolation are discussedin detail, accompaniedby illustrative images
(Figure2.5.10).

Figure2.5.10.Integratingof sensorsandelectronicsinto the structureof bio-mechatronicsystems

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
for the information andviewsexpressedherein liesentirely with the author(s).
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The course concludes with a discussion on antdegjgital converters (ADCs) for converting
analog sensor signals into digital format for computer processing,focusing on aspects like
measurement range, resolution, and scan rate. Moving on to Step 2, an additional video presentation
prepared by UPB complementsthe theoretical knowledge with practical insights into applying
sensorsand electronicsin bio-mechatronic systems.This video demonstratesthe integration of
sensors and electronics into the structure of bio-mechatronic systems, enhancing students'
understandingof their applicability.

In Step 3, the University of Agder offers two comprehensive course presentations focusing on the
integral roles of sensorsin biomechatronicsand the functionality of actuators, drives, and
transmissions in biomechatrongystems. The first presentation explores the importance of position
sensors in these systems, emphasizing precision, control, and safety (Figure 2.5.11)}l0Glwsed

control systemsare discussedhighlightingthe role of positionsensorsn continuousfeedback.
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Figure2.5.11 Practicaluseof positioningsensorsn biomechtronics

The presentation on actuators, drives, and transmissionsunderscoresthe significance of
actuators as driving forces in biomechatrosigstems and the use of advanced drive systems for
smooth movements. It introduces haptic feedback and telemanipulation technologies, enhancing the
user experience (Figure 2.5.12). Steps 4 and 5 introduce additional lectures related to
biomechatronic systems and CAD for electronic circuits. The Biomechatronicscourse module
highlights the interdisciplinary nature of biomechatronics, showcasing advancements in the field and
its applications in medical devices, prosthetics, and rehabilitation technologies. The CAD Design of
Electronic Circuits module offers practical insights into PCB design, crucial for effective CAD design in
electronics.

Disclaimer: This results was realised with the EEA Financial Mechanisf@@lfinancial support. Its content (text, photos, videos) does

not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBitity
for the information andviewsexpressedhereinliesentirely with the author(s).
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force-feedback device

Robotic Grasping

Haptics

Figure2.5.12.Sensing/actuatiotechnologyand haptictechnologiesisedfor teleoperation

In Steps 5 and 6, students engagetiactical applications of assembling and programming in the

realm of biomechatronics (Figure 2.5.13). Step 5 involves assembling a robotic gripper, providing

documentationand interactiveresourcedor a detailedunderstandingof the assemblyprocess.Step

6 focuseson Pythonprogramming, introducingearnersto Pythonandits fundamentalconcepts.

o = stepro @ o o = - o
Figure2.5.13.Roboticarmassemblingpplication

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@1021 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBiity

for the information andviewsexpressedherein liesentirelywith the author(s).
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Step 7 delves into Brai@omputer Interfaces (BCIs), explaining the intricate connection between

Workingtogether for a greern, competitive and inclusiveEurope

the brain and computer systems. It covers neuronal communication, EEG signal analysis, referencing

methods, and classification techniques. The course distinguishes between invasive and noninvasive

BClsandtheir applicationgFigure 2.5.14).
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Figure2.5.14.InvasiveandnoninvasiveBClsandtheir applications

Steps 9 and 10 offer comprehensive resources for computer programming in biomechatronics.

Step 9 provides instructions for programming firmware and acquiring MAC addresses for ESP boards.

It culminates in a final test of a robotic arm. Step 10 showcases student projects and good practice

examples in programming, reflecting their achievements using the educational resources provided in

the e-learningplatform (Figure2.5.15).

M Cel ) WIMGEOI MM mooMt O B

Figure2.5.15.Studentprojectsand goodpracticeexamplesn programming

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
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2.6.VR/ ARlaboratory room (BIZZCOM)

VR /AR laboratorypoom whichhasbeenassigned tdhe BIZZCOM (Slovak&gone may notice in
Figure2.6.1 can be accessedrom the www interface of the EMERALI[project (https://project-

emerald.eu/?page id=404%r directly by accessing the next following link:

https://bizzcom.viewin360.co/share/collection/7J40Qv?10go=0&info=0&fs=1&vr=1&sd=1&initload=0

&thumbs=1
o-learning virtual laboratory platform )
step 1 Sp 2 e ) swpd sop3 et
H N + N ‘ +
v

Click to wvisit virtual

laboratory

TUON - Techvcs Unieeraty of O Nagoca Aomana UM - Univeraty of Agser. Norwey PUT - Pesman Unsveruity of Technology. Potand

UPB - Urwverity Aoiternne s of Bucharent, Bomanis. BZ2COM - BIICOM w1 0. owek s

Figure2.6.1.Accessingf the VR/ ARlaboratoryroom from the e-learningplatform

The Virtual Laboratory tour begins at the entrance of the UiA main building, as shown in Figure y.

Upon entering the building through the main corridor, the users are led teetiggneering (training)

roomasshownin Figure 2.6.2nd 2.6.3.

BIZZCOM headquarters G E

Enterance

Figure2.6.2.Entranceof the BIZZCONhainbuilding

Disclaimer: This results was realised with the EEA Financial Mechanisf@@1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
for the information andviewsexpressedherein liesentirelywith the author(s).
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Figure2.6.3.Accesdo the engineering traininglaboratory(Bizzcom

The first virtual laboratory to visit at BIZZCOM which can be seen in Figure 2.6.4 has been
assigned for the AR training in principle. Room presented in Figure h has been assigned for training in
VR. In this room there are provided some basics about VR, teaching resources being completed with
the ones that can be found at PUT 3D scanning laboratory due to the multiple existing facilities.
Beside these two rooms, there are 2 more that can be visited like: Assembling / Construction Halls,

but thesearejust for seeingsomeof the existingfacilitiesof this company(like a tour).

Figure2.6.4.Traininglaboratoryin VR(Bizzcom)

All figures that can be seen in Figures 2.6.5 have been realized using Insta 360 camera, the captured
images undergoing in further processingusing Kuula software, allowing the integration of
educational materials related to the VR / AR of the-fmiechatronic components that have been
developedwithin the EMERALProject relatedto thesetopics.

Disclaimer: This results was realised with the EEA Financial Mechanisrf@@l1financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBiéity

for the information andviewsexpressedherein liesentirelywith the author(s).
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The elearning virtual laboratory platform dedicated to the VR /AR stage in particular offers an
enriched educational experience that is tailored to the desighiofmechatronic systems destined

for people with special needs (with amputated arms) such as robotic arms, orthoses and prostheses,
focusing on the necessary steps that are particularly necessary to be followed in the field of VR/AR
domain. Similarlike in the case of the other virtual laboratory rooms of théearning platform, the

VR / AR laboratory comprises a series of courses, lectures, laboratory toolkits and applications that
have been realized on the EMERALD project dutsgeriod of implementation and during the
organized events (international summer schools and staff for training events). In terms of VR / AR
laboratory, BIZZCOM has been assigned as main responsible institution of coordinating this virtual
laboratory room in particular, this institution being responsible in hosting of the staff for training
event in Bucany, but the provided resources have been produced also by PUT partner who have one
dedicated laboratory for VR and rest of contributions has come through the applications that have
beendevelopedby the other partnersof the EMERALDonsortiumduringthe organizedevents.

In the initial phaseof the VR/ARcoursemodule within the EMERALI@-learningprogram, students

are introduced to the exciting realm of extendeshlity (XR) technologies, with a particular focus on
their integration and application in the biomedicalfield, clarifying fundamental conceptsin XR,
encompassing/irtual Reality (VR),AugmentedReality (AR),and Mixed Reality(MR). VR standsout

for its capacity to craft entirely artificial environmentsthat offer immersive user experiences.
Conversely AR enrichesthe real world by overlayingdigital content onto the user's perspective,

while MR seamlessly merges the physical and vidoaiains, enabling physical and digital elements

to coexistandinteract in realtime.

Imagination

i3 Triangle

Immersion Interaction

Figure2.6.6.Main basisof VRfundamentalsandimmersionof userswith digitalscene

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
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This module further delves into the core components of VR, incluidimgersion, interaction, and
imagination. These elements collectively shape the VR user experience, where immersion is achieved
through sensory stimuli substitution, interaction involves the reciprocal influence between the user
and the digital world, and imagination fills in the gaps left by technology's limitations. VR is portrayed
as a unique form of humancomputer interaction, characterizedby its lifelike 3D graphics and

intuitive user engagement. The course also covers the hardware and software components
associated with XR systems, encompassing VR headsets, motion controllers, immersive gloves, and
various AR/MR devices such as smart glassesand handheld gadgets. The hardware typically
comprises higiperformance computers, heaghounted displays, and input systems like gloves or
controllers. Software includes applications and platforms for creating immersive content and
enabling user interaction. Significant attention is allocated to the software aspect, particularly the
utilization of 3D engines for constructing VR applications. These engines serve as comprehensive
programming tools essential for developing interactive digital environments, enabling the
representation of 3D geometry, object manipulation, and dynamic object interaction within
applications. The applications of XR technologies are visible in diverse fields, impacting areas like
engineering, education, entertainment, and medicine. The course provides examples of XR
applications in medical training and patient camegluding a wheelchair configurator for product

visualizatiorand VRtherapyfor acrophobiareatment (Figure2.6.7).

AL ACIZASTONEIEY

Figure2.6.7.Goodpracticeexamplef usingVRfor medicalapplications

Disclaimer: This results was realiseith the EEA Financial Mechanism 2@0P1 financial support. Its content (text, photos, videos) does
not reflect the official opinion of the Programme Operator, the National Contact Point and the Financial Mechanism GfficesiBity
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In the EMERALDe-learning program, the AR programming laboratory module, developed by
BI1ZZCOM partner under O2, provides also a comprehensive guide for creating AR applications. This
module seamlesslyintegrates with the virtual laboratory platform and offers a comprehensive
approach toAR model creation, from initial 3Dbject acquisition to finalweb publication. The
processinitiates with the acquisitionof 3D models, achievedeither through 3D scanningor by
employing CAD software like SolidWorks. This foundational step is crucial for building the foundation
of the AR application. Subsequently, the next phase involves optimizing and animating the 3D models
for effective utilization in AR. Blender, a specialized software program, is recommended for these
tasks. It enables the uploading, optimizationaterial/color assignment, and manipulation of model
components. Animating in Blender entails setting timelines, maneuvering the object through various
axes, fixing the model position at distinct frames, and making necessaryadjustments. Once
animations are crafted, they are saved and exported in suitable formats (Glb for Android or USDZ for
iOS) to ensure crogsdatform compatibility. The process then transitions to the presentation of AR
models through web interfaces such as WEB ABP Viewer. This interface generates previews of

the 3D models using HTML code, facilitating interactive model visualization on both Android and iOS
devices. Moreover, an additional presentation by BIZZCOM concentrates on further intricacies of AR
application development, including web application code generation. This presentation offers
comprehensiveinsights into crafting web application codes, generating QR codes, and viewing
applications on tablets. It showcasesvarious AR applications, including medical applications
developed under O3 of the EMERALD project. In the program's fourth step, an AR library housing
medical applications is incorporated into the VR/AR laboratory of tleaming platform. This library
provides an array of AR applications accessible through provided links or QR codes, enabling direct

visualizatioron tablets (Figure2.6.8).
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Figure2.6.8.Example®f ARapplicationscreatedusingthe e-learningplatform resources

Disclaimer: This results was realiseith the EEA Financial Mechanism 2&BP1 financial support. Its content (text, photos, videos) does
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In Step 5 of the EMERALBEearning program, additional resources concentrate @mstructing

virtual laboratories, expanding the educational arsenal with a seminar on processing 360 photos to
craft VR images using Kuula software. This seminar, devised by BIZZCOM as part of O3, delivers
detailed guidance on harnessing Kuula to establish an immersive platform for virtual laboratories, a

practiceembraced byseveraEMERALD consortiupartners(Figure2.6.9).
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Figure2.6.9.Seminaion realizingof virtual laboratoriesin Kuulasoftware

The seminar goes deeper into tour customizationin Kuula. Usersare guided on incorporating
comprehensiveinformation into specific scene elements, including external website links or
multimedia content. Customization extends to animated transitions between images, offering diverse
options like crossfade,walk-in, and radial fade, each imparting a unique visual effect. These

transitionsinject dynamisminto the tour, renderingit more engagindor viewers.
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Another important aspect in the VR / AR laboratory of thieaning platform is related to the
Introduction in VR lecture on MatlaBimulink application (Figure 2.6.10). The lecture takes students
through the process of designing a robotic arm using SolidWorks software, emphasizing attention to
detail and maintaining realworld dimensions. The components are meticulously modeled and
assembled in SolidWorks, including rotation couplings crucial for the robot's operation. The CAD

modelis thenexportedto Matlab/SIMULINKor dynamicsimulation,ensuringcompatibility.
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Figure2.6.10.CADmodelingof the componentsof a robotic arm usingSolidWorkgrogram

In Matlab, each element of the robot is associated with specific objects in Simulink, considering
environmental factors. The SimMechanics model is created using the Virtual Reality Toolbox module,
enhancing the VR environment. The model undergoes modifications in VRealm Builder, introducing
transformation points, light sources, backgrounds, and viewpoints for realism. The dynamic model in
Simulink is modified, attaching robotic elements to a central coordinate system. Sensors provide
output signals for positions and orientations, connected to the VR module. Actuators control torque,
and a joystick is used for position control, with a PID controller for precise motor control. Interactive
force feedback using a joystick offers realistic simulation and control of the robotic arm (Figure
2.6.11).
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Figure2.6.11.Forcefeedbackgenerationdiagramandgeneratingpositionsignaldoy the Joystick
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In Step 7 of the EMERALBearning program, TUCN has developegrasentation focused on
creating VR applications using GLTF mode, integrated into the VR/AR laboratory ele#rairg
platform. This presentation offers a deep dive into the processand technologiesfor creating 3D

assets and their applications in virtual reality environments. It highlights Sketchfab as a source for 3D
assets and references VR Home on Oculus, demonstrating the practical application of these assets in
VR settings. The presentation emphasizes the importance of file formats suitable for VR applications,
particularly recommending GLB files. GLB files, optimized through the gITF (GL Transmission Format)
and STL (Stereolithography) formats, are essential for efficiently transmitting and loading 3D scenes
and models in VR applications. gITF format is recognized for its ability to minimize the size of 3D
assets and the processing required to unpack and use them, facilitating interoperable use of 3D
content acrossthe industry. Software tools like Paint 3D and SOLIDWORK&e noted for their
capability to export or import STL files, aiding in the creation of GLB files from STL files for VR
applications. Examples of VR applications created using this process by TUCN are showcased, with a
full library of models available in the VR/AR laboratory of the e-learning platform. This
comprehensive collection can be accessed and downloaded, offering a wide array of models for VR
visualizationseeFigure2.6.12).
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Figure2.6.12.Sketchfatasa sourcefor 3DassetsaandreferencesvRHomeon Oculus

Step 8 presents good practice examples of VR applications developed by students, with contributions
and feedback from BIZZCOM. These applications, integrated into the VR/AR laboratory room-of the e
learning platform, demonstrate the practical application of educational resources provided on the
platform, as well as the utility of the provided information in building VR applications utilizing Matlab

Simulinkapplication (Figur2.6.13).
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Figure2.6.13.Example®f VRapplicationgealizedby studentsin MATLAEBSimulink

Step 10 invites usersto explore the VR laboratory room of BIZZCOMpffering a teleportation
experienceto the VR lab at PUT partner. This room, also serving as the 3D scanning virtual
laboratory, can be accessed through the EMERALD project website or directly via a provided link. This
access offers users an extensive exploration of XR and 3D scanning resources, enriching their learning
experience. XR virtual laboratory room is the same room as 3D scanning virtual laboratory, so it can

be accessed using EMERAdrDject website (Figurg.6.14).

Figure2.6.14.Main entranceof the XRlaboratoryof PUT
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The 3D scanning virtual laboratory room at PUT that can be seen in Figure 2.6.14 has been
realized using Matterport Pro camera, the captured images undergoing in further processing using
Matterport software, allowing the integration of educational materials related to Virtual, Augmented
and Mixed Reality that have been developed within the EMERALD project related to this topic in
particular. The VR/AR/MRapplicationsand tutorials available here are different than the ones
available at Bizzcomthey are directly related to EMERALD case studies. The course is also shorter,
but more practical. In this Virtual Laboratory, it is possible to explore possibilities of building XR
applications for development and use of customized biomechatronic devices (case studies of the
EMERALD project). The users can get familiarized with XR techqiguiesl, augmented and mixed
reality, as well as various equipment available in the laboratory. Then, for each of 3 XR techniques, a
separateinstructiontutorial with materialsto createapplicationdgn Unity engineis madeavailable.

The course of XR available in the laboratory has been divided into 4 main steps (Figure 2.6.15),
with some additional information available besidesthese steps, as following: Step 0. Start ¢
laboratory entrance, Step 1. Lectu¢eXR principles in biomechatronic devices, Step 2. Augmented
Reality application tutorial, Step 3. Mixed Reality application tutorial, Step 4. Virtual Reality

applicationtutorial

Figure2.6.15.XRat PUTg stepsof the course

Step 0, accessible right after entering the laboratory (yellow marker), contains overview of all the

other stepsanda short documentwith informationfor the Virtual Laboratoryuser.
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