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Furthermore, information from the excavation phases that allowed reconstructive hypothesis
on the architectural configuration has been included as well.

The main strategy carried out with the 360° video was to immerse the user into a virtual space
and let him follow the narration without any instruction on using VR devices.

The Immersive Experience

In order to achieve this, we have been using the Affinity software that allows us to quickly edit
the two-dimensional planar development of spherical images, enabling the insertion of text and
graphic information with the right projection in the space. The 360° raster images produced have
been then processed with the most appropriate timing in order to create the video.
The high-resolution exported video (8000 x 4000 px) has been enriched with specific metadata to make
it readable by players and 360° navigable [Figure 3]. Different videos were produced for the Brussels
event:

* a15-min long versions with more detailed historical information;
*  a2-min short version with a selection of the main content.

Figure 3. Information about the historical, cultural and geographic significance has been

aggregated and displayed on the spherical photos by the use of Affinity software, which allows
quickly editing the two-dimensional planar development of spherical images.

The experience is completely immersive since the very first few seconds in which only the
spherical environment is displayed. Then, after 15 s, the first textual information and graphical
elements start to appear and guide the user through the tour.

For the long version, twenty-two nodes (360° photos) has been used. Only four for the short one.
The average duration per node is about 40 s. The timing has been identified to make the visit as much
entertaining as possible, building the narration on the complex thanks to the alternation of texts and
images. Particular attention was put in the choice of the font and its size to allow the user to read it
effortlessly [14]. Also, the vocabulary was to 6000 terms in order to make the text accessible and
comprehensible even to young children.
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4. Discussion

In addition to testing and verifying the appeal of VR in relation to the different age groups,
the Brussels test has also made possible to check the usability of the devices. Indeed, the three devices
behaved in an extremely different way.

The Samsung Gear VR by Oculus in combination with the Galaxy 56 Edge smartphone proved
to be the most mature product considering its hybrid nature (smartphone and gear VR).
The navigation experience is externally fluid and addictive. Samsung app works perfectly and allows
you to enjoy contents through a simple and dedicated GUI, specifically designed with a visual
point-and-select input system, integrated with physical buttons on the head mount. VR mode is
automatically activated when the smartphone is put on place inside the head mount. The single focus
wheel is simple and precise.

The only main downside is related to the display management. Even if it is a 3 K (2560 x 1440),
every content is resampled at a much lower resolution (HD—1280 x 720), in order to reduce the load
on CPU and GPU and allow a very fluid experience in movement and rotation as well as reduce
energy consumption. Furthermore, the Samsung Gear has a special sensor to detect if the head mount
is worn or not and to pause the device accordingly.

The “cardboard” system shows all the limitations of this technology on low-cost devices.
Since the head mount is compatible with all smartphones with a 3.5” to 6" display, the focusing
procedure needs to be performed every time differently for each device and user, through
uncomfortable scroll sliders that have to adjust the interpupillary distance too. This leads to a great
difficulty in approaching the technology and often insufficient fine regulation, hence causing
a non-enjoyment of immersive content. Must be noticed that older people and children under the age
of 7 have failed to use this type of device, confirming the inadequacy of low-cost systems
for the purpose.

Furthermore, low-specs devices often do not have enough resources to make the VR experience
fluid and comfortable. The overheating of the devices is significant and led to stop the device after
about 50 min of continuous use. The battery allows no more than 2 h without charging it.

For what regards the usability, applications must be started before putting the device inside the
head mount and the interaction with the device is limited and based on physical buttons or optional
Bluetooth remote.

The third tested system (Wimius 3D VR all-in-one) proved to be a very well balanced product.
This is a new category of VR devices that, as we have already said, integrate all hardware components
into a single device at an extremely competitive price. The navigation experience is fluid and
engaging with an outstanding definition for a static use but a slightly worse quality for dynamic one.
Anyway, the experience is still a lot different from the Samsung system in which everything is more
homogeneous, smooth and natural.

This device is based on Nibiru VR AIO operating system, a platform for mobile devices.
Even in this case, there is a dedicated GUI, specifically designed with a visual point-and-select input
system, integrated with physical buttons on the head mount. The platform is extremely interesting
since also the SDK is freely available. As well, the system is available as an android app, to be used
use with cardboard.

Because the system does not have removable parts, it doesn’t need for any focusing system,
greatly simplifying the interaction experience, especially for elderly and children. Anyway, it has no
active system for preserving battery life. No overheating problems with intense use have been found.

In conclusion, the Samsung product looks like the most mature, even in terms of comfort
(use for hours), but surely the Wimius all-in-one product comes out as a great solution in terms
of price and development environment and, for this reason, it can be a good solution for large-scale
usage like schools, museums, etc.

5. Conclusions

The paper focused on portable HMD immersive systems in relation to the enhancement of the
Geguti Palace site. The data collected during the survey campaign was the starting point for building
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a VR experience. From the state of the art analysis and the testing clearly emerged that cardboard
devices are the easiest access to VR's world, even if the immersive experience is often difficult to use
and not so engaging. On the other side, specific devices (i.e., Samsung or Wimius) allow extremely
easy, efficient and immersive use.

One of the critical issues of portable HMD is the poor scalability of the system (better in the
Samsung system), partially offset by the low cost of non-portable HMD. We expect in the near future
the development of hybrid systems, able to operate both independently (portable HMD) or connected
to a workstation or console (non-portable HMD).

Currently, available solutions on the market allow VR experiences with low production costs
by the use of medium-range of hardware and software. Most of those tools are mature enough to
be considered useful for educational purpose and cultural dissemination.

During the Europe Day 2017 initiative, the presented VR systems have been tested on over
200 people of different ages [Figure 4], enabling us to test both the immersive VR technology and the
ease of use of the devices. Most of the time, users were able to easily enjoy the VR experience. From
the very first seconds, users were already moving freely into the virtual space, even looking for
an interaction with this. It was deeply impressing the immersive experience of pre-school children,
who often needed compare the reality with the virtual environment.

Figure 4. The content was presented during the Europe Day 2017 in Brussels. The event has been used
as test and verification field for the immersion capabilities of the systems presented above, due to the
availability of large and differentiated audience of families with young children (photo courtesy
of European Commission).

The Brussels experience has shown how VR technology can be very successful both in the
edutainment sector as well as in the teaching one. A wide amount of already existing digital contents
can be easily and quickly adapted to new VR environments.

Surely the next hardware development of mobile devices will also allow enhancing the use 3D
graphics for realizing immersive and more interactive experiences even with portable HMDs.

Different realities, simulated realities, dreamed realities, invisible reality, future or past realities
represent a wide scenario where VR can find a huge field of application. A next future already
became reality.
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