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ABSTRACT 
TombSeer immerses the wearer in a museum space 
engaging two senses (sight and touch) through a 
holographic, augmented reality, heads-up interface that 
brings virtual, historical artifacts "back to life" through 
gestural interactivity. The purpose of TombSeer is to 
introduce more embodied interaction to museum visits 
using an emerging hardware platform for 3D interactive 
holographic images (e.g., META Head-mounted display) in 
combination with customized software. The Tomb of 
Kitines case study was conducted at The Royal Ontario 
Museum in Canada. TombSeer's embodied gestural and 
visual augmented reality experience functions to 
aesthetically enhance museum exhibits. 
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1. INTRODUCTION 
TombSeer immerses the wearer in a museum space, 
engaging two senses (sight and touch through haptic 
gestures) in combination with an augmented reality 
interface that brings virtual, historical artifacts “back to 
life” in a gallery setting. In keeping with this theme, we 
concentrated on tomb-based exhibits at the Royal Ontario 
Museum (ROM): the Egyptian Tomb of Kitines and The 
Tomb of General Zu Dashou (“Ming Tomb”). We have also 
partnered with META1 (see figure 1) in order to utilize the 
platform that is still only in development release. With this 
early prototype, TombSeer aims to merge the technological 
advances of META (3D interactive holograms) with the 
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historical richness of the ROM to create an experience that 
is engaging and educational for the user. 

  
Figure 1 META Developer Kit ©Kayleigh Hindman 

2. PREVIOUS WORK ON AUGMENTED 
REALITY AND MUSEUMS 
Previous augmented reality projects in relation to museums, 
galleries, sciences centres, or cultural heritage sites have 
been geared towards educational tools or enhancing the 
museum experience. These goals were accomplished 
through two different hardware displays:  

Museum displays using handheld devices – Augmented 
reality museum research using handheld displays has been, 
in majority, mobile or table-based technologies using 
augmented reality applications that currently exist, such as 
Layar platform, or applications created by the individual. 
The handheld display is meant to augment a particular 
room, object, or heritage site, and therefore enhance the 
museum experience [1]. Other applications feature virtual 
curators who speak to users providing information and 
additional information on screen as an educational tool [2].  

Museum displays using head-mounted devices – Most 
previous prototypes using head-mounted displays strive for 
virtual reality experiences rather than augmented reality 
participation, which is a combination of real and virtual 
interactivity. A previous prototype for cultural heritage sites 
that attempted augmented reality via head-mounted displays 
was limited because the headsets were secured to a stand 
[3]. 

We contribute to this rich previous work in museum spaces 
with the TombSeer application because it adds holographic 
computing that has not been used before in museums. 
Although the concept of the digital museum has been 
popular and consistent amongst artist and technologists, we 
wanted to concentrate on heads-up, augmented reality in 
combination with natural gestural interactivity. TombSeer 



adds a novel augmented reality, head-mounted display 
system, which pushes user interaction boundaries. For 
example, users can reach out and “virtually” grab virtual 
museum objects.    

3. CONCEPT AND MOTIVATION 
Building on previous research we conducted at museums 
[4], we decided to concentrate on the notion of the tomb. 
Tombs house not only burial chambers for the dead, they 
also serve as rich settings to reveal artifacts of past 
civilizations. Tombs signify fascinating boundaries between 
the living and the dead, the past and the present, and the 
ethereal and the mundane. For example, The Tomb of 
General Zu Dashou (Ming Tomb) is a massive dome 
structure, which is completely impermeable. Consequently, 
there is rich potential to imagine General Zu Dashou and 
his belongings in a virtual context. Following this design 
inspiration, augmented reality as a medium affords us the 
possibility to use virtual augmentation to illuminate the 
dead, and revive what is now considered lost.  

For the first prototype of TombSeer, we decided to begin 
with the Tomb of Kitines replica. From a functional 
perspective this display provided an interior space that was 
accessible and visible. This allowed us to control the 
lighting better so that META could function to its full 
capacity. 

From a historical perspective, the Tomb of Kitines replica 
on display at the ROM recreates the feeling of being inside 
a tomb (see fig. 2). The walls are covered with hieroglyphs; 
however, the space is devoid of the tomb’s actual artifacts 
leaving visitors with no indication of what the space was 
like in reality.  

 

Figure 2: The Tomb of Kitines replica at the ROM ©Isabel 
Pedersen 

3.1 What is the Significance of the Tomb of 
Kitines in Egypt? 
For this case study, we secured the help of a museum 
studies expert to contextualize the era. The original Tomb of 

Kitines in Egypt is a richly decorated sandstone tomb 
consisting of six rooms with funeral reliefs dating to the 
2nd-Century AD. Decorations can be found along the tomb’s 
doorjambs, in the sanctuary, and at its entrance. This tomb 
has been continuously inhabited. In the past century Senussi 
soldiers used the tomb during World War I (1914-1918), 
and later the Bashendi family used the tomb. Nevertheless, 
some funerary reliefs have survived and show the 2nd-
Century AD notables meeting the gods Min, Seth, and Shu 
(see fig. 3) [5]. 

 
Figure 3: User examines notable gods on the walls of the Tomb 
of Kitines replica ©Isabel Pedersen 

3.2 Embodied Interactivity 
Many human-computer interactions experts have called for 
more embodied interactivity [6][7][8][9]. TombSeer 
follows the strategic and aesthetic design ideal for 
augmented reality based on the premise “that human 
participants move, think, and exist simultaneously – AR 
interfaces need to accommodate human participants who 
not only act physically, but act mentally, and existentially 
(constantly negotiating the self in relation to others and the 
physical word)” [10]. The key interface goal for TombSeer 
is to inspire more embodied interactivity in museum spaces 
as people digest information about an exhibit. The intent is 
to avoid the “stand and read” paradigm that inevitably takes 
place when people are trying to learn more about a display. 
The Tomb of Kitines at the ROM already strives for a 
degree of immersion, as it is a replica of an authentic tomb 
in Egypt. The ROM’s display invites visitors to stand inside 
the tomb and imagine an ancient lifestyle, to imagine 
another time. The TombSeer application offers another 
level of immersion and engagement for the user by 
providing six distinct interactions (explanation to follow) 
within the tomb as a means to learn more about the 2nd-
Century AD Egyptian civilization.  

4. INTENDED AUDIENCE AND END-USE 
The Royal Ontario Museum (ROM) is Canada’s largest 
museum. It opened in 1914 and it currently holds six 
million objects in its collections of art, archeology, and 
natural science. Our intended goal with the TombSeer 



project is to create an application that bridges the gap 
between history and reality, enhances the museum 
experience, and allows users to see artifacts and 
information that are not in the physical display. Maintaining 
and accessing cultural heritage is important to societies all 
over the world. TombSeer aims to ensure that the cultural 
heritage of the many exhibits on display are not only 
maintained, but also enhanced in a manner that is engaging 
and educational to the user.  

5. TECHNOLOGICAL FUNCTIONALITY 
TombSeer uses a holographic user interface displayed on 
the lenses of an Augmented Reality (AR) headset. META 
and Microsoft HoloLens [11] are the most recognized 
hardware platforms for wearable AR using gestural 
interaction. Holographic computing is a type of AR, a 
medium that combines the real world with overlaid virtual 
information (2D and 3D) in real time [12]. However, 
Holographic computing adds a 3D stereoscopic viewpoint 
creating the impression of real size depth, solidity, and 
parallax. Holographic computing includes markerless 
surface tracking which produces low-latency, 360º tracking.  
One of the most novel achievements is the addition of a 
Natural User Interface, which lets the users reach out and 
“touch” virtual objects in the real world.  
TombSeer takes a regular museum space and supplements 
information found on plaques or display cards. By 
augmenting the space with 3D visualizations and natural 
interaction we can depict the same, and more, information 
through a holographic, heads-up display. TombSeer allows 
the opportunity for people to learn and interact with the 
exhibits in an unrestricted, self-guided tour. Further, 
TombSeer aspires to bring a more embodied, augmented 
reality experience to aesthetically enhance museum visits 
without hindering the wearer’s mobility or harming the 
surface of the exhibits. In future, historical sites and city 
streets could become their own living exhibits with nothing 
more than a headset. 

5.1 Adaptation of User Interactions for META 
platform 
The META hardware platform includes a 3D see-through 
display: resolution: 960 x 540 pixels (qHD), depth 
camera, color camera, 360 degree tracking head tracking, 
accelerometer, gyroscope, compass, and two built-in 
microphones. Our research into this new medium has led 
us to adapt several interactions for the META platform: 

1. Stare to select – TombSeer uses the META 
Optical See-Through, Head-Mounted Display. Users are 
able to stare are various points of interest, which then 
become highlighted and cause a single line of information 
about the object to appear in the user’s field of vision 
through the use of a holographic heads-up display. If a user 
stares at an artifact additional information about the artifact 
will appear in the user’s field of vision. This allows users to 

easily pick what they want to learn about the artifact without 
having to read through screens of unwanted information. 

2. Interacting with 3D objects in an augmented 
space – TombSeer allows users to grab an artifact, for 
example a virtual Egyptian urn, and turn it around in order to 
inspect it. Users are also able to pick up and carry objects 
around in the augmented space. Certain objects can be 
placed in specific “holding areas” within the augmented 
world, which will cause an event to happen. Other objects 
can be dropped to the floor or interact with other augmented 
objects.  

3. Point at a virtual object to interact – To perform 
unique interactions with the selected objects, users can point 
at them to initiate an event. Pointing at paintings, for 
example, can create a virtual world related to the painting to 
generate immersion. Pointing at artifacts, such as a 
hieroglyph, brings it closer to the user for inspection.  

4. Pinching to scale information large or small – 
TombSeer allows users to grab the virtual information that 
appears in the augmented world by physically grabbing it 
with a pinching motion. Pinching the information allows 
users to dynamically alter the size of the information if the 
user finds the text or images hard to read/see. 

5. Swipe your hand – Previously when virtual 
information was displayed in the META headset users were 
able to swipe their hand to cycle through different panels of 
information. Due to the developments with “stare to select” 
this is no longer necessary. Users can still use the swipe 
function to clear information away so they can just focus on 
the image/artifact they were originally viewing. 

6. Pressing virtual buttons – Users can also choose 
to press virtual buttons to access additional information 
about an artifact. With radial information displays swiping is 
no longer necessary to cycle through information, but the 
button function allows users to interact with the information 
in a place with limited space better, such as a tomb. 
Following these adaptations, our next step is to evaluate and 
iterate on these points.  

6. RECENT FIELD TESTING 
In order to evaluate the implementation of the interactions 
mentioned above we have tested our prototype in real-world 
environments. 

 
Figure 4: Demo at public events © Billy Lee 



TombSeer was demoed at two public events (outside of a 
museum space) to begin to refine the look and feel of the 
application. We fixed four aspects of the application based 
on the feedback received at these events: (1) determining 
the significance of head-turning and staring in relation to 
object interaction, (2) the placement of objects in peripheral 
visions, (3) font size of the text displayed within the write-
ups, and (4) the need of more interactions with the artifacts. 
Moving forward we aim to collaborate with the ROM 
curators and museum visitors in order to better plan how to 
enliven the space identified for this prototype: the Tomb of 
Kitines. 

On a visit to Tomb of Kitines replica at the ROM, we field-
tested the interactions (see fig. 5). This was the first onsite, 
museum test of TombSeer in order to gage the functionality 
of the interactions. By visiting the ROM, we were able to 
determine if our application worked with the actual carved 
hieroglyphs. This was the first verification we got that our 
system worked with the 3D physical infrastructure. This 
testing also revealed that the size and position of the 
hieroglyph were different than the graphics we used for in-
lab testing; consequently, size and positioning problems 
became apparent. There were also depth issues in relation to 
virtual objects. Hence, we noticed the need to create a better 
proxy for the tomb in our internal testing when we do not 
have access to the ROM. Further research is needed to 
determine testing AR applications on-site vs. a lab setting. 
Nevertheless, it was encouraging for us to verify that our 
application works on-site, as well as to observe some issues 
(as explained above) to refine in our next iteration of the 
application. For example, we are making the interactions 
more stable. We are currently planning two more studies, 
one in lab and one in the museum to improve functionality 
and usability. 

 
Figure 5: User tests interactions during onsite visit to ROM 
©Isabel Pedersen 

7. CONCLUSION 
TombSeer brings novel interactions to a functional museum 
experience, but also an aesthetic one. The wearer’s 
interactivity with artifacts and information contributes to an 
alluring virtual space and one that goes well beyond what is 

visible in a regular museum environment. It also draws on 
many of the early goals for wearable designs, which 
demand a human-centric rather than device-centric interface 
[10]. Utilizing the technological advances of META and the 
historical environment of the ROM, TombSeer seeks to 
provide an application that is educational and interactive to 
bring history to the user’s fingertips.  
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