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Abstract

There have been numerous innovative and impressive works in the cur-
rent landscape of applying Virtual Reality in museums, yet there is a striking
lack of community resources to aid in their development. Curators without
the technical background in VR are then left with a significant barrier of
entry. This paper presents the Open Virtual Exhibit Creator (OVEC), a
new open-source Unity tool aimed at closing this gap. OVEC was developed
over the last year in partnership with the Wangensteen Historical Library
at the University of Minnesota Twin Cities as an initial effort in creating
an open source framework for Virtual Reality exhibits. Despite not being
able to conduct formal user evaluation, sufficient progress was made and
informal feedback was received so as to measure its success. OVEC shows
potential to assist in the creation of VR exhibits and has a flexible design
to allow for easy future extension.
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1 Introduction

Virtual Reality (VR) technology has become an increasingly popular tool for mu-
seums to create engaging exhibits that allow visitors to explore their collections in
new and innovative ways. However, creating VR exhibits can be a complex and
time-consuming process, often requiring specialized knowledge and resources. As
a result, numerous papers describe the process that specific museums have gone
through when creating exhibits, but there has been limited work towards creating
shared community tools.

Due to this lack of public tools, smaller collections and libraries may hesitate
before jumping into VR due to limited time and funding, or a lack of staff with
the necessary technical background. The Wangensteen Historical Library (WHL)
at the University of Minnesota-Twin Cities, for instance, boasts a vast collection
of medical texts and artifacts, many of which are too fragile to display regularly
or allow visitors to handle. The library has already made efforts to digitize some
of these artifacts through photogrammetry. With access to a VR space at the
University, they saw an opportunity to bring these artifacts to life in a VR ex-
hibit. After consultation with the lead curators at WHL, I partnered with them
to develop the Open Virtual Exhibit Creator (OVEC), an open source tool inside
the Unity game engine that uses OpenXR to aid in the development of virtual

museum exhibits.



2 Related Work

2.1 VR Exhibits

Early research into the use of VR in museums goes back decades [7], and enough
work has been published on their creation that the literature reviews have literature
reviews [5]. Many virtual exhibits have taken advantage of the increased presence
that VR offers in virtual spaces to do reconstructions of historical sites [4] [10]
[12] [14]. Others focus on more traditional gallery-style exhibits 7] [8], or even
full multi-user VR museums [9]. Each of these works goes through their own
workflow and process for scanning or recreating the environments. Despite often
using Unreal Engine or Unity, the development of the exhibits tend to start from

scratch each time.

2.2 Creation Tools

Several attempts have been made at developing generalized VR exhibit creation
tools. For instance, The Invisible Museum [16] offers numerous useful tools for set-
ting up virtual exhibits, but as of writing, it is inaccessible to developers or users.
Similarly, The Virtual Museum Framework (VirMuF') [3] contains exhibit creation
tools for gallery display and artifact interaction that are extensive and quite im-
pressive. However attempts to access VirMuF’s code have been unsuccessful. In
contrast, outside of exhibit creation, VREX [13] is a fully open-source Unity pack-
age for virtual environment creation. VREX is aimed at VR researchers setting
up studies in the fields of psychology and neuroscience, and offers tools and Ul for

modifying various aspects of the study. It is worth noting that this discussion is



not intended to pass judgment on tools that charge for their development effort,
but to illustrate the possibility of public tools for these issues and the current gap
that exists. Museums, which must consider funding, may hesitate to donate the
tools they spent time and resources creating. Hence, universities and researchers

may have a role in working on these open-source projects to contribute to the field.

2.3 Virtual Object Manipulation

In addition to the aforementioned virtual environments and tools, various VR
interaction techniques have been proposed to enhance the user experience. In the
realm of museums specifically, the Virtual Touch Museum [15] employs real-life
proxies of artifacts to simulate the experience of handling fragile objects. Similarly,
Ant-Man Vision [2] is a technique that enables visitors to resize themselves to view
exhibits at different scales.

In the broader field of 3D user interfaces (3DUI), there are numerous other
interaction techniques to be chosen from. In my work, I utilized the Spindle
technique [6]. This technique allows users to manipulate and resize objects using
two controllers, where the distance between the controllers scales the object, and
it behaves as if an invisible “spindle” were spanning the user’s hands that the
artifact is attached to, rotating and moving it accordingly. Alternately there is
the extension to spindle called Spindle + Wheel which allows the dominant hand
to be used to rotate the object around the spindle. The two-handed technique
iSith uses rays extending from the two hands, and those rays’ closest point of
intersection to handle moving the object [6].

For one-handed object manipulation, a simple virtual hand technique was cho-



sen for OVEC, where the user’s controller is mapped one-to-one to its VR coun-
terpart. Then when grabbing an object, that object moves and rotates to match
the hand. Other one-handed techniques include Go-Go which is similar to the
simple virtual hand, but allows the virtual hand to extend past the user’s real
arm length, so that they can reach farther [6] There is interesting research into
interaction techniques with fingers as well, however that was not explored in much
depth since it would add the requirement of finger tracking to be used, which not

all modern headsets support.

3 Methodology

3.1 Project Scope

For the scope of OVEC, I looked at what research had already been done in the
area. Many workflows had been documented for exhibit creation, but the code
itself tended to be proprietary. Therefore when designing OVEC, I made my top
priority the ability for it to be easily understood and extended by others in the
future in order to address the issue of many exhibits needing to start from scratch
when going to VR. While a large tool like VirMuF [3] would have been ideal,
within the scope of a single work I decided to narrow my goals. Thus I focused
on streamlining the aspects of virtual exhibit creation that would be common to
many types of exhibits.

One of the biggest strengths of VR exhibits is its ability to offer unique experi-
ences that differ from a standard museum gallery. So instead of basing the system

around a gallery style exhibit creation, I worked on automating the process of



bringing artifacts into VR and setting up their interactions and displays. Ideally,
a curator would be able to use OVEC to set up a basic exhibit with not only
information on the artifact but also interaction systems to go along with them, all

with little to no coding experience.

3.2 System Overview

OVEC as a whole is made of relatively few components so that it remains easy to

understand. All the components can be seen in Figure 1.

Display ExhibitManagerSO 4—@

Grabber InputHandler
v 4
DisplayBehavior » Grablogic
| T
SlideShow ‘ SpindleGrabLogic

Figure 1: Diagram of the reference points used for Spindle

3.2.1 Exhibit Manager

The core of the system is the component at the top-center of Figure 1, the Exhibit-

ManagerSO. “SO” stands for Scriptable Object, which is a specific Unity interface



for an object that can be created independently of one scene but still referenced
by the objects of any scene.

Its main use in the project is to offer a common point for all the different com-
ponents of the exhibit to communicate through without referencing each other. By
having various events declared publicly inside the Exhibit Manager, the different
components can communicate by listening to and invoking the different events. In
general this allows for easy testing of individual elements by using test scripts to
intercept and trigger the events to see how the system reacts.

This not only allows for rapid testing and less interdependent code, it also
makes future extension and modification much easier. For example, changing
from VR inputs to keyboard and mouse now only requires adding a script that
reads in the keyboard and mouse inputs and calls the relevant events inside the

ExhibitManager rather than refactor the entire project.

3.2.2 Input Handler

The InputHandler has the job of being the bridge between Unity’s Input System
and the Exhibit Manager. It takes in the inputs by the user and translates them
into the various events that need to be invoked for the rest of the system.

Most notably, it also handles the logic of detecting when the user starts an
object interaction. It does this by running a sphere intersection around the player’s
hand when they use whatever has been designated as the grab button, by default
this is the trigger button on either controller. Then if any colliders are found, the
nearest one to the hand is passed to the ExhibitManager to be dealt with by other
components.

The Input Handler also manages raising events for the button inputs of the



controllers, which is currently only used for advancing slide shows in the display

section of the project.

3.2.3 The Artifacts

The Artifact script itself does not have very much responsibility. Its main role is
to let the system know when an object is an artifact, and to hold that artifact’s
display information to be passed on to the display part of the system when the

artifact is interacted with.

3.2.4 Artifact Interactions

Interactions in the system are handled by two components. First is the Grabber
script which listens to the events in the Exhibit Manager raised by the Input
Handler when an object is grabbed. This script keeps track of which objects are
currently being interacted with and handles the logic of notifying the system about
picked up and released artifacts.

The other part of object interactions is the object’s specific interaction logic,
contained in the GrabLogic script. GrabLogic itself acts as an interface for object
interaction behaviors. Any object that wants to support interaction needs to have
both a collider, so that it can be detected, and a script that implements the
GrabLogic interface so the object knows how to react to being interacted with.
When an object is grabbed or released, the Grabber script manages the process
of communicating with the specific GrabLogic script on that object so that it can
update appropriately.

The only interactions that were implemented for this project, as discussed

previously, wwere the Spindle grab logic for two-handed manipulation and a simple



virtual hand for one[6]. This allows users to intuitively grab and move objects
around with one hand, or examine them closer through freely scaling them up
with two hands so that smaller details may be examined and appreciated.

To get the spindle grab logic to work, 2 things need to be initially calculated.
As shown in Figure 2, these 2 things are: first, the spindle itself (shown in red)
which spans between the two controllers (the red dots); and second, the center of
the spindle relative to the center of the object (shown in blue). When the user first
grabs an object, both of these vectors are saved in the object’s local coordinates
so that they may be transformed to global coordinates each frame to properly
update the object. Additionally, the initial local size of the object is saved for

proper scaling.

Figure 2: Diagram of the basis used for the Spindle technique

For the update each frame, first the new spindle is calculated in global coordi-
nates by taking the displacement between the two controllers. Then the initially
calculated spindle is transformed to global coordinates. The difference in scales
between the magnitudes of these two vectors is used to set the new scale of the

object. Then quaternions are used to get a from-to rotation from the initial spindle



to the new spindle and this is applied to the object to align the spindles’ rotations.
Finally the center of the spindle is transformed into global coordinates and aligned

to the center of the new spindle.

3.2.5 Displays

The final part of the system is how displays are handled which closely mirrors the
artifact and interaction system structure. The Display class listens to events from
the ExhibitManager so that when a new artifact is held, a Canvas prefab can be
instantiated if there is a display available to render.

After creating the Canvas, the Display will search the new Canvas for a Dis-
playBehavior, which is similar to GrabLogic as it is an interface to be implemented
by other classes. A DisplayBehavior only needs to describe how it reacts to the
different controller inputs. This iteration of the project has only the SlideShow
class available as a DisplayBehavior in which the main input button advances the

slideshow and the secondary input button goes back in the slides.

3.2.6 The Artifact Import Menu

The Artifact Import Menu is a custom editor window created for the project. This
allows curators to be able to set up their artifacts as long as they have the 3D
model. After all the fields specifying import and save paths are filled out they
can click the “Import Artifact” button which will automatically copy files into the
project and save a prefab with all necessary scripts added and configured so it is
ready to be added to an exhibit.

If the curator has a slideshow for the artifact they may attach it by first ex-

porting it as a series of PNGs and then linking the folder of images. This type of



exporting is supported by Microsoft PowerPoint, and Google Slides can export to
a PowerPoint file format. If the curator would rather create their own display in-
side Unity using a Canvas, they can instead link their own prefab into the Artifact
Importer as well.

The importer was programmed to try and catch as many errors as possible
before they happened while importing so that it could give useful advice to the
user. It will provide different messages depending on which part of the process
failed, and as well as a clear message when the importing has succeeded. For
example, custom responses will be given in each case if there are errors with
loading the artifact, saving it, or generating the canvas, rather than the default

error messages provided by Unity which may be confusing to new users.

3.3 Creating an Exhibit and Displaying an Artifact

As stated previously, one of the core goals was to create a tool accessible to people
unfamiliar with Unity or VR. This next section provides a high-level overview of
the current workflow for creating an exhibit using OVEC without getting too deep
into the intricacies of the code base or VR setup. Assuming that OpenXR has

already been installed, a brief overview of the process goes as follows:

1. Create an ExhibitManagerSO inside the project files.
2. Add an XR Rig to the scene.

3. Set up the Input Handler and Grabber scripts, likely attached to an empty

game object.
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4. Use the Artifact Importer Menu (shown on the right of Figure 3) to generate

artifact prefabs from existing models and slide shows.
5. Set up the environment as desired and arrange the artifacts.
6. Add the Display script to the area that the slide shows should be shown.

After completing these steps, the user will have a simple exhibit with a single
artifact that utilizes a SlideShow DisplayBehavior and Spindle GrabLogic. All

these elements can be seen in the following example exhibit:

@ VRExhibitCreator - Operating Theater - Android - Unity 2021.3.4f1 Personal* <DX11> = o X

File Edit Assets GameObject Component Tools Tutorials Exhibit Creator Window Help

Figure 3: Screenshot of an operating theater created using OVEC

For this example exhibit models were used from Sketchfab!, a website where

people may upload their models for general use. Going through each of the main

!'The models used for this oeprating theater example were: Operating Theater by Matt
LeMoine, Hospital Bed by CobbleGames, Vintage Wooden Table by Poring, Projector Screen
(Low Poly) by filththemutt, Medieval Syringe by Zoopa225, Rigid Stethoscope by Simon Pasi,
and Scalpel by Lucy Greenbhill
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elements discussed in the exhibit, the artifacts can be found on the table to

right of Figure 3, and

are shown more closely below in Figure 4.

Untagged -
Select

! Transform
Position X
Rotation X
Scale ® X

4  Rigidbody

v Artifact (Script)

v Spindle Grab Logic (Script)

v Reset On Ground (Script)

Add Component

Figure 4: Artifacts used in the example operating theater exhibit

the

Next, the display can be seen mounted to the back wall of the exhibit in Figure

3, and once one of the artifacts has been grabbed this is where the slide show will

appear. An example interaction with the syringe artifact is shown in Figure 5.
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Figure 5: Slideshow for the syringe shown from the user’s perspective

4 Informal Evaluation

To get feedback on OVEC, it was initially envisioned to recreate a surgical chamber
filled with the previously made 3D scans from the WHL’s collection. A curator
would have gone through the process of creating this exhibit using OVEC to give
feedback. Then after its creation visitors would go through the exhibit and give
their feedback on the experience. Unfortunately, there was no time to create or
run a test exhibit to this extent.

Rather, the demo shown previously in figures was created, and informal feed-
back was received by the two head curators at the WHL, as well as a three others
associated with the WHL and health science education. For gathering this feed-
back I first had the participants engage with the demo exhibit in VR, noting their

interactions and comments about the artifacts. Afterwards I guided them through

13



the use of the tool, showing the steps to go from creating a new project to getting
the package running, and basic use of the artifact importer.

For the demo, those who interacted with the artifacts in the scene were pos-
itive about the spindle interaction behavior. If slightly confused after the initial
explanation, they quickly gained an intuitive understanding on how to scale and
manipulate the objects as they wanted. But the simplicity of the spindle interac-
tions did leave the curators slightly worried as to how/if the system could handle
more complex behaviors, such as examining individual tools of an old surgical kit.
Thankfully, as discussed, OVEC was designed to be expanded to deal with new
interaction behaviors. So while the surgical kit example may require a future de-
veloper to implement the specific interaction, it would be on top of the existing
code, instead of replacing or modifying it.

It was also suggested that the artifact displays could appear above the artifacts
themselves as small popups to interact with. With the system as it currently is,
this would require either changes to the display system, or a separate display
system to be created. Optionally, the canvas could be attached as a child to one
of the controllers instead of an element of the scene, so it would display above the
wrist of the user, however this may be uncomfortable to read.

Because the demo artifacts were all example models, the WHL staff also ex-
pressed concern over how photogrammetry models would function with OVEC.
While the Artifact Importer is limited to the 3d model formats that Unity sup-
ports, there are other tools such as Blender that exist that could aid in going
between formats. Tools such as Blender could also help simplify geometry of high
resolution photogrammetry models that may be too detailed for real time VR,

which was another concern raised.
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In general, OVEC seemed to not raised any large concerns for the curators,
and sparked many ideas for exciting directions the tools could take in the future,

many of which will be discussed in the following sections.

5 Discussion

Taking this feedback into account, as well as looking at the final system compared
to the initial goals, we can see how successful the project was overall.

The artifact importer was largely successful. As shown, it can take in the model
and a slideshow and output a prefab that contains all necessary components to
be immediately used in an exhibit. There were a few shortcomings, however.
Most glaringly, model materials are not automatically assigned so they need to be
separately imported and added to the object models. This is not too burdensome,
but it adds a few more steps to the process and could be confusing to someone
who does not know where all the different input textures should go.

Additionally, the fact that importing a slideshow requires a series of PNGs
is cumbersome, as it either requires going through Microsoft PowerPoint which
not every user may have a license for, or manually exporting and naming each
slide individually to work with the importer. Importing as a PDF was explored,
however Unity does not support PDF rendering by default, and the tools others
have created to do so cost money to use.

The systems for interacting and displaying artifacts were both present and
successful as well, but the largest drawback was the fact that I ran out of time
to support anything but Spindle interaction and slide show displays. These will

be left for future work, but for now curators using OVEC would not have any
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alternate interaction or display choices unless they had the coding knowledge to
extend OVEC themselves.

The primary goal of OVEC was ease of extensibility for future developers.
This is the area in which I am most satisfied with, in regards to the final state
of the project. Using the Exhibit Manager as a connection point between the
systems leaves it very open for adding new behaviors and modifying existing ones.
While no interaction or display classes were created besides the basic ones, the
use of interfaces to integrate them in the system means that future extension will
require no modification of the existing code. The only exception would be if future
interactions required more input events to be added, such as more than primary
and secondary input buttons, but this would only involve the setup of a couple

new Unity Events.

6 Conclusion

There are many potential extensions that could be made to the project that have
been discussed with the WHL staff. These extensions fall under two main cat-
egories: interactions and systems upgrades. Most commonly discussed with the
curators at the WHL were interactions with texts, due to the WHL’s large med-
ical text collection. By adding more interaction behaviors, various special types
of artifacts would be added. Specifically discussed were books, scrolls, and flap
anatomies. Scrolls being the easiest, only have a single image that needs to be im-
ported. Then gripping both ends of the scroll, the user could turn their controllers
in sync to turn the scroll forward or backward, simulating the way one reads scrolls

in real life. Books would be a series of images and a more complicated interaction
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behavior could allow the user to hold the book or turn the pages one at a time.
Flap anatomies would each have to be customly created, as they would allow the
user to flip each layer of the anatomy which are customly shaped to the anatomy
that is being displayed.

As has been pointed out by others, [11], the possibility for narrative experiences
in exhibits is a major draw for VR. Promising future applications could be features
to enable narrative into the exhibit or features to help tailor the object manip-
ulations to the exhibit. This could involve adding a system to track “progress”
through an exhibit or facilitate branching choices the user can make while going
through it. Examples inspired by the VirMuF application [3] include viewing a
dynamic reconstruction of the artifact extrapolated back in time or a way to see
slices of the artifact to look inside it.

Locomotion is also an important aspect in the design of any VR experience and
has been investigated by others [1], but was not the focus of this work. Thus it
could then make for a good extension in the future. This could include support for
different locomotion styles such as simple one-to-one real life to virtual walking,
joystick walking, teleportation, or even redirected walking.

In terms of system upgrades, addressing the previously raised issues of the
texture assignment of imported artifacts is a clear next goal. Additionally figuring
out a better way to import the slide shows would be a more difficult, but useful
improvement. For a very quick creation of an exhibit, a default exhibit template
could be made where the user selects artifacts and a fully set up scene is created.
This was discussed during early talks with the curators at the WHL, but was too
out of scope for the timeline of the project, so it would make another promising

extension. Using the artifact importer to get the artifacts, and then the exhibit
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creator to generate a template exhibit, the amount of work for the curator could
be drastically reduced.

Overall, the project successfully implemented the design goals it set out to
accomplish, and received a small amount of external feedback. From this I hope
that the documentation and open source nature of the code means that the project
will not end with this work, but be used and extended by the WHL and others in

the future.
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