














Also important to note is that the structure of the user’'s arm is represented in an abstract way in this
process showing explicitly the surfaces of the user's arm we expect to come into contact with the
wearable controller. These inputs to the algorithm are then loaded into the 3D CAD software “Rhino
3D” using custom code developed here at Loud1Design to then generate the necessary 3D CAD
required for fabrication of the bespoke wearable. The structure and its connectivity is then literally
pulled onto the surface of the scan data in a form finding process. This is what we have dubbed
the “spatial embedding” of the abstract design structure in 3D space, with this we then have all the
spatial information required to generate discrete concrete geometries which implement and realise
the design intent.

The care required to decompose the design into these classes of objects has led to a highly modular
approach to the controller design where we are separating out the bespoke elements from sub-
assemblies that can be mass produced in future iterations of the PRIME-VR2 controller.

Developing a Suitable Fabrication Process

In fabricating the bespoke wearable elements of the controller we make use of Additive Manufacturing
(AM) technologies in order to take advantage of the freedom from any tooling requirements that are
seen in mass production allowing us to create one-off elements economically. In designing for AM
one has to be very careful however of the limitations and weaknesses of any given process. Here we
have targeted the use of Fused Deposition Modelling (FDM)/ Free Form Fabrication (FFF) as it is the
most widely available and cheapest process in terms of cost of machines, printing materials and also
operational costs.

With any AM process it is often underestimated the amount of time required to post-process the
resulting workpieces to finish them to an acceptable level. For the FDM process this is particularly
the case for the removal of support material and the clean-up of the relatively rough surface finish
they produce. It has been key to our approach here to design the bespoke wearable to be printed with
no support material and to largely encapsulate the printed elements within a fabric skin.

At Loud1Design we have developed a “phased printing” process of layering multi-material prints to
ensure strictly no support material, such that the resulting workpieces are simply snipped from a
sprue and are ready to use. This phased approach has also enabled the inclusion of a layer of fabric
around the sub-assemblies of the bespoke wearable, providing a tactile and comfortable interface

Lessons Learned and Transferable Technologies

As we progress through the final year of the PRIME-VR2 project the algorithmic design workflow and
AM processing techniques continue to be refined and developed, however key learnings are emerging.
We see the use of an abstract design definition which is spatially embedded only once paired with the
knowledge of the individual user as an approach that could have potential applications across the
domain of personalised healthcare.

The innovations here in developing phased printing of FDM enables the fabrication of AM parts
not merely as prototypes but as valid multi-functional sub-assemblies, and this could have wide
applications in many sectors. The developed bespoke strap and brace elements of the PRIME-VR2
controller themselves should have many applications in the field of prosthetics and orthotics and

g beyond into sports and fitness products.
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In the next issue, we will report on the conference held in

https:/www.linkedin.com/groups/8879498 Pisa (UX4VRehab) and share our progress.

0 https:/www.facebook.com/PrimeVR2

https:/www.youtube.com/channel/UCPjq7rUwjbCNuDbiWIOXK8w
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The Conference ‘User Experience Design for Virtual Rehabilitation’ (UX4VRehab) will be held on the
13th and 14th of October, 2022 at Le Benedettine, Pisa both on-site and on-line.

For more information: https:/conference.prime-vr2.eu/_program/

CHECK THE WEBSITE REGULARLY FOR MORE NEWS, DOWNLOADABLE CONTENT AND INFORMATION!
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