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EXECUTIVE SUMMARY
This deliverable is an extensive study of the existing technologies for Augmented and Mixed Reality.
It also contains a review of the most widely used hardware, or existing commercial products for such
technologies as well as the main applications using them.
Its main objective is to present pros and cons of the different technologies and devices that provide
a mixed reality experience.
In the framework of T7.2 “Mixed reality: specification and implementation”, the analysis in this report
will serve as a basis for better specifying the mixed reality engine developed within MaaSive and
allow for the selection of the best suited and state-of-the art technologies.
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1. INTRODUCTION

Mixed Reality (MR) is the merging of real and virtual worlds to produce new environment and
visualizations, where physical and digital contents co-exist and interact in real time. Paul Milgram
and Furnio Kishino in “A Taxonomy of Mixed Reality Visual Displays” introduced the term MR twentyfive years ago.
The Mixed reality highly involve the displays, as the vision is the most important sense to blend the
virtual and real worlds. However, since few years the applications of MR goes beyond by including
environmental input, spatial sound and user location.
The hardware including these necessary functionalities to create convincing mixed reality
applications has not been available for a long time. Devices allowed only a weak integration of virtual
elements with the real world. Over the past 5 years, progress in terms of miniaturization, computing
power and screens has led to the emergence of much more convincing devices. New devices appear
on the market, which brings the MR concept to reality. MR applications are already being deployed
in the industrial world.
The task 7.2 – Mixed Reality: specification and implementation is part of the MaaSive WP7. It aims
to analyse the constantly evolving state-of-the-art of these MR devices. This task will also select the
most appropriate device for the targeted travel domain. It includes the research, design, and
implementation of a first set of scalable technical solutions to cope with the advantages and
limitations of available devices to enable the support of door-to-door journeys. It will also perform a
technical performance evaluation to assess the capacity of the proposed solution to deliver
convincing mixed reality experiences in a wide range of environments. This task will also
implement device-specific libraries, which will be necessary to integrate the Mixed Reality engine.
This document synthetize the result obtained within the task 7.2 by defining what a Mixed Reality
application is, which feature it should implement, which device is available or will be available and
mature enough to meet travellers’ expectations.
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2. MIXED REALITY CONCEPTS
The concept of Virtual-Reality (VR), Augmented-Reality (AR), and Mixed-Reality (MR) technologies
aims to integrate virtual objects at different levels to the real physical environment. Due to the
development of devices, and technologies of physical-virtual interaction, the customer experience
landscape is evolving into new types of hybrid experiences.
The concept of VR was described as a window where people perceive the virtual world (a completely
artificial environment) realistically and interact with it. Unlike VR, AR integrates digital information in
real time to the user's environment.
Mixed Reality is a significant progress of Augmented Reality. Thus, Mixed Reality is a combination
of the physical and the digital environment. Paul Milgram and Furnio Kishino, “A Taxonomy of the
Visual of Mixed Reality”, originally introduced the term “mixed reality” in 1994.
Due to this work, mixed reality is not limited to displays; it also includes environmental inputs, spatial
sound and location. Based on a hybrid environment, virtual objects can be mapped to the physical
environment, blending the real and the virtual world.
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3. MIXED REALITY TECHNICAL ASPECT
TRACKING AND REGISTRATION
In order to enhance the reality with 3D virtual objects, the position and orientation of the device must
be known in real time. Therefore, knowing the current point of view of the user, the mixed reality
engine is able to render correctly the 3D augmentations on the mixed reality device screen to make
the user feel the augmentation as part of their real environment.
The following main steps can be distinguished:
•
•
•
•

Recognition: identifying patterns in a captured real environment.
Tracking: computing the location and orientation of a real device with respect to one or
several objects of reference.
Registration: aligning the virtual world with the real one once the world’s coordinates system
is known.
Augmentation: superimposing or compositing 2D or 3D content depending on the tracking
result.

A common approach to track the device position is to use the on-board device camera to track
several points of interest in the scene. Recognition can be based on feature or edge detection or
other image processing methods to interpret the camera images1. It can be decomposed into the
following steps2:
1.
2.
3.
4.

Detection of points of interest (features) in different images
Finding of corresponding points among the images and 3D reconstruction
Tracking of the points in new images
Estimation of the position and orientation of the camera

In the case of image tracking or 3D model tracking the interest points can be known in advance
(i.e.: based on CAD models). Most AR algorithms rely on markers (such as barcodes or QR codes)
or images to compute the actual location of the device camera in order to display correctly the 3D
augmentations. The algorithms to perform marker-based recognition and tracking are now quite well
known. In some contexts, however, adding markers or images on the parts of the objects to track is
not an option: labels could be detached, soiled or displaced with time, making the tracking
ineffective.
Markerless techniques consist in using the shape of the objects or of the environment to track them.
These technologies require much more advanced algorithms and processing power. One of these
powerful methods is SLAM (Simultaneous Localization and Mapping) which is a computational
solution to map an unknown environment while simultaneously tracking the device position.

1

J. Carmigniani, B. Furht, M. Anisetti, P. Ceravolo, E. Damiani, and M. Ivkovic. Augmented reality technologies,
systems and applications. Multimedia Tools and Applications, 51(1):341–377, 2010. 1
2

Simone Gasparini, Pascal Bertolino. Stereo camera tracking for mobile devices. The Third IEEE International
Workshop on Mobile Vision (IWMV 2013), Jun 2013, Portland, OR, United States. pp.1-6, ff10.1109/CVPRW.2013.7ff.
ffhal-00817504
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SPATIAL MAPPING AND ENVIRONMENT UNDERSTANDING
Spatial mapping and spatial understanding are two functionalities provided by some MR Software
Development Kit (SDK) (e.g. ARCore, MixedReality Toolkit). The first one is the ability to create a
3D mesh of the real environment. The generated mesh can be used to place virtual objects into the
real environment. There is no filtering. The generated mesh is considered as a unique 3D object.

Figure 1: Hololens spatial mapping
This functionality is useful for allowing the user to place virtual objects anywhere in the scanned
environment or to manage occlusion. Occlusion is the possibility to hide an entire or a part of a virtual
element behind an object of the real environment. This feature greatly improves immersion and user
experience by increasing the impression that virtual elements belong to the real environment, as
shown in the pictures of Figure 2.
Furthermore, thanks to spatial mapping, it is also possible to handle physics on the virtual objects
by simulating collisions and gravity via a physics engine such as NVIDIA PhysX or Unity Physics
(actually built on top of PhysX). It is then possible, for example, to make a virtual ball roll on a table
and fall on the floor.

Figure 2: Occlusion enhance user perception
The spatial understanding of the environment goes further by analysing the generated 3D model to
detect, identify and classify the elements that make up the user's environment. Thus, it is possible
to make mixed reality applications that only allow virtual objects to be placed on certain types of
surfaces. For instance, it can be forbidden for the user to place a virtual object on the ceiling or the
floor but only on a flat surface corresponding to a table.
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TYPES OF AR INTERFACES
In the context of augmented reality, user interfaces can be separated into four approaches3:
•
•
•
•

tangible interfaces,
hybrid interfaces,
collaborative interfaces
and multimodal interfaces.

These interfaces are described in detail in the sections below.

Tangible AR interfaces
Tangible interfaces are based on direct interactions with the real world by using real objects and
tools, such as paddles or various input devices,
In4, an AR tangible interface is used in the field of urban design. The user interacts with the AR
application through the movement on a luminous table of physical objects, such as wooden cubes
representing buildings, which are recognized by a touch-sensitive projection. Sunlight, shadow and
traffic can then be simulated on a computer screen, according to the physical models locations, and
be projected onto the luminous table.
I. Poupyrev et al. propose another tangible interface named Tiles5. It is based on paper cards,
which can be seen as mobile markers and are similar to icons in a graphical user interface. The
user manipulates the paper cards anywhere in the physical workspace to interact with virtual
objects and sees the augmented content through a head-mounted device.
Other examples:
•
•
•

VOMAR application (Kato et al.) displace and arrange furniture using real physical paddle.
TaPuMa: Table top tangible interface using real objects to interact with digital projected
maps.
Gloves and wristbands6

Julie Carmigniani et al. “Augmented reality technologies, systems and applications”. In : Multimedia Tools and
Applications 51.1 (December 14-2010), p. 341–377. issn : 1380-7501, 1573-7721. doi : 10.1007/s11042-010-0660-6.
3

Hiroshi Ishii et al. “Augmented Urban Planning Workbench : Overlaying Drawings, Physical Models and Digital
Simulation”. In : Proceedings of the 1st International Symposium on Mixed and Augmented Reality. ISMAR ’02.
Washington, DC, USA : IEEE Computer Society, 2002, p. 203–. isbn : 978-0-7695-1781-0.
4

I. Poupyrev et al. “Developing a generic augmented-reality interface”. In : Computer 35.3 (mar. 2002), p. 44–50. issn :
0018-9162. doi : 10.1109/2.989929.
5

Assaf Feldman, Emmanuel Munguia Tapia, Sajid Sadi, Pattie Maes, Chris Schmandt, “ReachMedia: On-the-move
interaction with everyday objects”, iswc, pp.52–59, Ninth IEEE International Symposium on Wearable Computers
(ISWC’05), 2005.
6
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Hybrid AR interfaces
Hybrid interfaces combine various interfaces, with different input devices. The current interaction
modality is not known in advance so it involves switching dynamically from passive to active mode.
It offers different and complementary interfaces with the possibility to interact through a wide range
of interaction devices (Feng Zhou, Henry Been-Lirn Duh, Mark Billinghurst, “Trends in Augmented
Reality Tracking, Interaction and Display: A Review of Ten Years of ISMAR”, 2008.).
For instance, Tactam’s Hybrid Surface7 is based on object tracking and seamless photo transfer.
The surface senses specific objects and displays related media. The user can also send a photo
onto the surface using a smartphone. He is then able to zoom and manipulate the content on the
surface through touch gesture.

Collaborative AR interfaces
Collaborative interfaces include multiple displays and devices to support remote and co-located
activities.
Co-located sharing uses 3D interfaces to improve physical collaborative workspace between several
participants.
In remote sharing, AR is able to integrate multiple devices with multiple locations to enhance
teleconferences such as in 8. Such interfaces can be integrated with medical applications for
performing diagnostics, surgery, or even maintenance routine.
Examples:
•

•

7

Studierstube 9 (previous note) is a project for which the designers had in mind a user interface
that “uses collaborative augmented reality to bridge multiple user interface dimensions:
Multiple users, contexts, and locales as well as applications, 3D windows, hosts, display
platforms, and operating systems.
TimeWarp 10 (previous note) is a location-based AR game. Two players have different roles
and distinct user interfaces on their ultra-mobile PCs. The first interface provides an AR view
of the environment. The first player can interact with the displayed content by pressing a
button with the aim to talk to a virtual character or take an object for example. The second
player controls a map of the game area. He can also see their position and places of interest.

Space + Time: Interaction Technology and Experiences. url : https://http://www.spaceplustime.com/

Istvan Barakonyi, Tamer Fahmy, Dieter
Reality
Videoconferencing”,
Proceedings
of
2004, London, Ontario, Canada
8

Schmalstieg, “Remote collaboration using Augmented
Graphics
Interface
2004,
p.89–96,
May
17–19,

Dieter Schmalstieg, Anton Fuhrmann, Gerd Hesina, “Bridging Multiple User Interface Dimensions with Augmented
Reality”, IEEE, 2000.
9

Lisa Blum et al. “The Final TimeWarp : Using Form and Content to Support Player Experience and Presence when
Designing Location-aware Mobile Augmented Reality Games”. In: Proceedings of the Designing Interactive Systems
Conference. DIS ’12. ACM, 2012, p. 711–720. isbn : 978-1-4503-1210-3. doi : 10.1145/2317956.2318064
10
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The devices of each player are connected via a wireless network and are regularly
synchronized.

Multimodal interfaces
Multimodal interfaces combine real objects input, as tangible interfaces, with natural forms of
behaviour such as speech, touch, natural hand gestures or gaze. Thus, it is possible to adapt to the
context, for example in the case of a noisy environment the speech mode can be replaced by other
modalities, or to the user’s profile. Certainly, age or disabilities criteria involve some modalities rather
than others. According to L. Reeves et al.11, multimodal interfaces fulfil two goals. Firstly, they offer
an interaction closer to natural communication between humans. Secondly, the robustness is
improved by using redundant or complementary information, through different modalities such as
voice command, gesture input, gaze tracking or feedback mechanisms.

Hands-free Input modalities
Three modalities are developed in this section: voice command, gesture input and gaze tracking.
What they have in common is that they offer natural ways to interact with AR systems, without using
any tool with the hands.

3.3.5.1 Voice command
Voice can replace touch commands. At the current time, most of the operating systems provide
efficient speech recognition, such as Google Now on Android OS, Siri on iOS or Cortana on Windows
10.
These intelligent personal assistants can recognize actions from speech and display some relative
information or cause a corresponding action, for example doing a research on the Internet or calling
a contact. These systems are activated by a specific voice command.
In general, a speech-controlled wearable device can use various speech interaction input modes.
Command-based recognition deals with single words or sets of words as predefined commands in
discrete or continuous recognition whereas dictation-mode recognition handles a free text input, i.e.
complete sentences and paragraphs, according to language models, grammars and specific
contexts. In the case of augmented reality applications, command-based recognition is sufficient and
efficient enough. Indeed the voice recognition system can be restricted to simple navigation
commands such as ”Next” or ”Previous”.
However, the voice command modality is socially unacceptable in most contexts. It can disrupt other
persons present in the same room or public place. Moreover, a noisy environment, such as a factory,
can degrade system performance and imposes the use of a robust recognition.

3.3.5.2 Gesture input
Gestures are natural interactions because they are close to the way we manipulate real objects.
Thus, some universal movements such as up, down, left or right can be used in order to
communicate with AR systems.

Leah M. Reeves et al. “Guidelines for Multimodal User Interface Design”. In : Commun. ACM 47.1 (jan. 2004), p. 57–
59. issn : 0001-0782. doi : 10 . 1145 / 962081.962106.
11
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There are two different ways to acquire gesture input: based on computer vision or sensors-based.
The first approach is to employ a camera to analyse the user’s movements thanks to computer vision
techniques. In this case, the tracking is an essential step because it aims to segment the subject, in
most cases a hand, or only interest points such as fingers. Once the segmentation is provided, the
current pose of the subject is estimated to allow the system to recognize an order. SixthSense12 is a
MIT project based on this method. It is composed of a small projector and a camera, connected to a
mobile computing device. It forms a wearable pendant. The camera is placed so that it recognizes
and tracks the user’s hand gestures by locating the coloured markers at the tip of his/her fingers.

Figure 3: Gesture Input
The second approach is to use sensors put on the user’s hands or arms, for instance with a wireless
glove, to immediately analyse the user’s movements.

3.3.5.3 Gaze tracking
The gaze is extremely important for natural communications with the real world, for instance
addressing people or objects. This modality can be expanded to hands-free interfaces in the context
of augmented reality.
Eye gaze trackers are devices that estimate the direction of the user’s gaze. Besides diagnostic
applications which provide evidence of the user’s visual process, eye gaze tracking can also have
interactive applications which consist of responding to the user according to his/her eyes’
movements. This last approach is relevant as part of AR systems. However, gaze tracking must be
parsimoniously used. Otherwise, each glance activates an action, whether intentionally or not.

12

Pranav Mistry
ACM
SIGGRAPH
1667146.1667160.

et Pattie Maes. “SixthSense : A Wearable Gestural
ASIA
2009
Sketches.
ACM,
2009,
11
:1–11
:1.
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In 13, A. Ajanki et al. use gaze tracking to get implicit cues about what the user is interested in.
Indeed, a gaze tracker is integrated to a head-mounted device and estimates the degree of
relevance of an object in real-time by measuring the time it has been under visual attention.
From this information, AR content is displayed only for the objects that are interesting for the user at
a specific moment.
Most of eye gaze tracking are intrusive in the sense that they require the user to be in contact with
a device, such as contact lenses or head-mounted device. For their part, non-intrusive techniques
need
the
use
of
an
external
camera
placed
in
front
of
the user. Head-mounted devices are usual AR devices and as such, intrusive methods can be
considered. The principle is to detect and track some characteristics of the eye, such as the limbus
or the pupil, using an embedded camera and computer vision techniques. To enhance the contrast
between the pupil and the iris, an infrared (IR) light source is generally used. The advantage is that
IR is detectable for infrared cameras but invisible to the naked eye. Thus, the user is not disturbed
by the IR light source.

3.3.5.4 Feedback mechanisms
Ergonomics are an important issue in the case of augmented reality. Indeed, the user can use
various input modalities and needs to be confirmed his/her orders have been correctly understood by
the system.
This confirmation can be of different natures: a sound, a displayed element such as a text or a
picture, or even a tactile feedback. The latter can be based on haptic device, which is worn by the
user and produces vibrations.

Antti Ajanki et al. “An augmented reality
Virtual
Reality
15.2
(16
d´ec.
2010),
p.
doi : 10.1007/s10055-010-0183-5.
13
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4. MIXED REALITY DEVICES
DISPLAYS
Displays are essential output devices in the case of sight-based AR because they offer to the user
a view of virtual elements superposed to the reality. Many classifications have been proposed over
time. From the user's point of view and the quality of the mixing of virtual elements in the real
environment, we can extract a classification according to two criteria: the proximity criteria and the
optical criteria. Both of these criteria influence the quality of the MR experience.
The optical criteria is related to the hardware used to capture the real world and the technology used
to display it to the user. Three different categories are identified: video screen, see-through displays
and project displays.
The following figure illustrates the classification of Mixed Reality devices according to the proximity
criteria.

Figure 4: Mixed Reality displays classification

The proximity criteria is related to the distance between the user eyes and the display where the
augmentation is drawn. There are three categories of devices:
1. Head-attached: retinal and head mounted displays.
2. Hand-held: such as smartphones and tablets
3. Spatial: which are free standing displays as kiosks, or fixed screens

Video Screen Displays
The video screen based displays, which overlays a given video image. They can be seen as a
window to the world.
S2R-MaaS-WP7-D7.2
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See-through Displays
The see-through displays to augment a scene perceived through the display. This category includes
the video see-through devices and optical see-through devices.

Figure 5: Optical see-through vs Video see-through
The first ones capture the real world using two cameras and displays both the real environment and
virtual components directly on an opaque screen placed in front of the user’s eyes.

Figure 6: Video see-through display
On the contrary, an optical see-through device is composed of semi-transparent mirrors, which
allow the user to see the real world in a natural way: the virtual elements are only displayed in overlay
of what the user sees. It is a minimally invasive approach in the sense that the user’s view of the real
world is almost intact. However, this technology leads to specific technical issues due to the
alignment between the real world and the virtual content. It is also important to take into account the
user’s eyes position in order to display the augmented reality at a correct position. Certainly, the
position of the visual content can be displayed at the center of the user’s line-of-sight or at the eye’s
periphery.
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Figure 7: Optical see-through display

Projection Displays
A projection-based spatial display uses front-projection to project images directly on real objects,
whereas spatial optical see-through displays only simulate a transparent screen. The advantage of
this technique is the perception of depth and texture given by the physical environment to the virtual
projected elements. The disadvantages are that it requires a complicated and expensive hardware
installation depending on the site of use. Moreover, it is not possible to create customized
applications for each user since everyone sees the same virtual elements at a given time.

Figure 8: Projection based mixed reality

Handheld Devices
Handheld displays are mostly smartphones and tablets.
The video stream of the embedded camera is used to compute the device position and to display
both the live view and augmented content above it.
A major advantage is the diversified offer in terms of devices and related operating systems.
Consequently, a single application can be compatible to many devices and be used by a large panel
of consumers.
However, a handheld device, as its name suggests, cannot offer a hand-free experience even if
kickstands may be used to improve the experience, in some cases, the AR application is based on
a deported display, which cannot replace the user's eyes.
S2R-MaaS-WP7-D7.2
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Head-Mounted Displays (HMD)
Head-mounted devices (HMD) regroup helmets and glasses, worn on the head that display images
from the real and virtual environment directly over the user’s field of view. They can be video seethrough or optical see-through14.

Spatial Displays
In contrary to head-mounted devices, spatial displays are independent from the user and completely
integrated into the real environment. They are particularly suitable for exhibitions. These displays
can be based on three different approaches15: video see-through, optical see-through or direct
augmentation by projection.
A screen-based video see-through display merges a real-time video of the reality with virtual
elements on a monitor. It provides a low degree of immersion because of a limited field of view,
which is restricted by the monitor size.
In contrast, a spatial optical see-through display generates images, which are aligned to the
physical environment. In this context, spatial optical combiners such as mirrors beam combiners,
transparent screens or optical holograms are used. This kind of display is limited by the occlusions
between real and virtual elements. However, spatial optical see-through displays offer a best visual
comfort for the user.
Finally, a projection-based spatial display uses front-projection to project images directly on real
objects, whereas spatial optical see-through displays only simulate a transparent screen. The
advantage of this technique is the perception of depth and texture given by the physical environment
to the virtual projected elements.

OPERATING SYSTEMS AND AR ENGINES
Android devices and ArCore engine
ARCore is Google’s platform for building augmented reality experiences compatible to Android
devices. It is based on three key capabilities to integrate virtual content with the real world as seen
through the device's camera:
•
•

Motion tracking allows the device to understand and track its position compared to the
world.
Environmental understanding allows the device to detect the size and location of all type
of surfaces: horizontal, vertical and angled surfaces like the ground, a coffee table or walls.

Jannick P. Rolland, Richard L. Holloway et Henry Fuchs. “Comparison of optical and video see-through, head-mounted
displays”. In : t. 2351. 1995, p. 293–307. doi : 10.1117/12.197322.
14

15

Oliver Bimber et Ramesh Raskar. Spatial Augmented
Virtual Worlds. CRC Press, 8 aoˆut 2005. isbn : 978-1-4398-6494-4.
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•

Light estimation allows the device to estimate the environment's current lighting conditions.

To be compatible with ArCore, a device must run Android 7.0 or higher, but some models require
newer versions16. Unlike the previous Google's platform, Tango, no specific IR camera is required.
Thus, it allows multiple phones or tablets to support ArCore and reaches a wider audience.

[12] https://developers.google.com/ar/discover/supported-devices

iOS devices and ARKit engine
ARKit is Apple's framework for creating iOS augmented reality applications.
ARKit engine uses the device camera and sensors (gyroscope and accelerometers) to understand
and map the user's environment. Any iPhone or iPad under iOS 10 or above natively supports ARKit.

ArCore and ARKit compatible devices
ArCore and ArKit are currently only available on tablet or smartphone devices. These kind of displays
can only provide low MR experiences to the user, as there is a strong frontier between the real
environment and the user represented by the screen of the device.
As a conclusion, to provide relevant MR applications the recommended devices are smart glasses,
they combine most of the advantages of the several displays mentioned above.

5. APPLICATION TO THE TRAVELER’S
EXPERIENCE
TRAVELLERS IMPACT
The usage of MR headsets by all passengers in transit or when waiting for their transport mode
becomes a feasible possibility that offers a number of benefits. This is thanks to the headsets
themselves that have completely changed during these last years17 especially regarding their
appearance and their low power, with consumption similar to that of a smartphone. These headsets
will allow passengers to break free from the restraints of physical displays placed in constrained
environments such as train stations and airports or their own which often require a constraining
gesture when travelling. Moreover, they have the potential to allow passengers to make better use
of their time by making travel more productive and enjoyable, supporting both privacy and immersion.
During our study, we found that the use of MR headsets in this domain is challenged by a multitude
of factors that should be taken into account. The device comfort (weight price and sight view), the
context of travel environment and the practical challenges introduced by occluding reality.
•

Device comfort

16

https://developers.google.com/ar/discover/supported-devices

17

Augmented reality market size - growth, trends, and forecasts (2020 - 2025), 2019, Mordor Intelligence.
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One of the main obstacle for the adoption of AR wearables are both the high price of the devices, as
well as the uncomfortable feeling after wearing the glasses for a long time.
With the constant evolution of the technologies, new solutions are emerging. These lighter18 and less
expensive solutions19 are targeting users rather than industries. In order to reach this need for
passengers, AR glasses and devices need to enter the mass adoption phase and become common
consumer goods, like smartphones.
As technologies are constantly evolving, the adoption of MR technologies in other contexts is likely
to influence acceptance and uptake by passengers over time. Indeed, many fields are already using
these devices in their daily life, whether for training, retail, education or gaming.
•

Travel context

Our travel context in particular would appear likely to affect our willingness to wear a MR headset or
engage in a MR experience. The occlusion of reality during transit could lead to various problems
that could make the use of headsets unpleasant or even dangerous. This can be avoided by taking
into account the environment when creating the experiments (i.e. section 5.2). Indeed, one of the
major concerns of augmented reality was the ergonomic design, which is radically changing with the
proliferation of different applications and especially of AR games like the famous Pokémon Go.

CONTENT TO DISPLAY
Travel information
One of the main purposes of a traveller application is to provide contextual information, which is
related to the ongoing trip, whether multimodal, or not. Consequently, the traveller expects to get
departure and arrival times but also specific station or airport information such as platforms or gate
numbers, but moreover cultural and historical experiences related to their journey and current
location. All this contextual information can be displayed easily as 2D content and does not require
systematically 3D augmentations to be relevant.

Gaming or marketing
Another objective is to entertain the traveller by offering gaming or marketing content during their
trip. In this case, providing a MR experience is a better way to achieve this goal by increasing a
playful feature and interactivity.

Guidance
Lastly, the traveller companion application can be used to guide the traveller in their surrounding
environment, for instance, the stations or wagons. A simple 2D map can be used, but a 3D guidance
is much more impactful. For example, 3D arrows can indicate the direction towards a targeted area.

18

https://www.bbc.com/news/technology-51057941

19

Smart Augmented Reality (AR) Glasses - Market Analysis, Trends, and Forecasts, March 23, 2020. Research and
Markets.
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SELECTED KIND OF DEVICE
In the light of the previous sections, some types of devices are more suitable than others, depending
on the traveller’s domain and traveller’s impact (i.e. section 5.1).
Tangible or hybrid AR interfaces may be difficult to set up because they require placing markers or
real objects in the environment to be tracked or detected by the traveller’s application.
Collaborative interfaces can be considered in order to share a same experience with different users
on a same journey, especially within the context of multi user group travel.
Multimodal interfaces are relevant in the way that they allow hands-free ways to interact with the
application. However, the proposed input modalities must be simple and adapted to any traveller
profile. In addition, some modalities cannot be used in the context of a quiet zone such as a train.
For the same reason as hardware or hybrid interfaces, spatial display is not suitable. Indeed, the
traveller needs a central application to follow them during their entire journey. Moreover, the traveller
is looking for a personal experience adapted to their preferences.
As such, handheld or head-mounted devices should be selected. The advantage of head-mounted
devices is that they offer a real immersive experience without using a screen and so a deported
camera view, while having free hands. Guidance can be more natural this way as well, by displaying
location information directly in front of the traveller’s point of view.

S2R-MaaS-WP7-D7.2

Page 25 of 31

14/04/2020

H2020 – Contract
No 826385 – MaaSive

DEVICES COMPARISON
We selected six different head-mounted devices. All of them are optical see-through devices in order
to allow the traveller to see their environment in a natural way and without being too intrusive for the
traveller.
The first four ones can display 2D and 3D augmentations, which overlay the real world, thus both
virtual and real objects seem to belong to the same environment. Therefore, these head-mounted
devices offer a real mixed-reality experience. They also integrates important user interaction features
such as voice command, hand tracking and gesture recognition.

Figure 9: Microsoft Hololens

Figure 10: Magic Leap One

Figure 11: Mad Gaze Glow

Figure 12 : NReal

Mad Gaze Glow and NReal glasses show well the evolution in progress on these types of devices.
This makes it possible to hope to be able to benefit in the near future of equipment combining good
technical capacities and a satisfactory ergonomics for the travel domain. Unfortunately, at the time
of our study these two types of glasses are not available for testing. That is why we decided to work
on the Hololens which handle already all the needed feature even if we know they are not suitable
for travellers due to the price, the weight and the general comfort. Nevertheless, the Hololens will
allow us to demonstrate which kind of applications it is possible to propose in the travel domain and
then be ready to work when fully appropriate glasses will be available on the market.
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The two last ones can only display 2D content at the eye’s periphery to provide simple contextual
information. As they have no tracking possibility, they cannot bring real Mixed Reality experience to
the traveller but simple contextual information. We also notice they have also no possibility to interact
by hand and even less gaze tracking.

Figure 13 : Google Glass 2
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Table 1: Mixed Reality Device Comparison
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The results of this table allow us to make a first classification of the devices to be used.
The HoloLens seems to have by far the best features for the traveller. In spite of their price, these
glasses are the most popular and especially the ones with the most up to date support and system.
Widely used in the industrial field, they offer a certain comfort for the users as well as easy integration
and development, which compensates their price.
The other MAD Gaze and Nreal devices are fairly new and not commercially available. In spite of
their price, they require the use of an additional device for processing, very often the mobile phone,
which is very consuming in terms of battery power and therefore not necessarily interesting for the
traveller who has to use his travel companion for the other functions. However, these cheaper and
less technologically advanced solutions are proving to be the most suitable in terms of budget and
comfort at the present time.
As mentioned before, in order to present our results and to demonstrate the effectiveness of the
glasses the solution chosen at this stage of the project is a solution that is widely used in the industrial
sector even if they are still a bit expensive for the transport sector. The reason why our prototype will
be made on the HoloLens to demonstrate what this kind of devices can bring to the transport field.
More appropriate solutions regarding section 5.1 are unfortunately not yet available for testing.
However, as mixed reality devices are novel and rapidly evolving, and in order not to get stuck on a
specific device we decided to build our strategy to implement a device-agnostic engine to support
as many Mixed Reality devices to foster the adoption of the S2R Travel Companion. Indeed, based
on our knowledge and our study of the MR field and of the MR devices we have tried to build an
engine that can be easily used or slightly adapted in order to be compatible with any type of glasses.
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6. CONCLUSION
This report presents the different concepts of Mixed Augmented and Virtual Reality. Different
solutions are available and have been analysed to highlight the advantages and disadvantages of
different devices capable of providing a mixed reality mobile experience.
The goal of this document is to identify the adequate devices, which will enable a traveller to
experience a door-to-door journey using mixed reality concepts and provide the user with solutions
that radically enhance both the user-friendliness and attractiveness of multi-modal transport by
turning travels into engaging activities.
During our investigation, we carried out an analysis of the constantly evolving state-of-the-art of
mixed reality devices capable of delivering mixed reality experiences where both virtual and real
worlds perfectly blend. This document helps to select the most appropriate device for the targeted
traveller’s domain. The major gains have been brought by the most recent functionalities such as
occlusion, reconstruction and understanding of the environment.
We provided a technical performance evaluation to assess the capacity of the proposed solution to
deliver convincing mixed reality experiences in a wide range of environments, and we identified a
set of devices to use in priority.
Following our study, the HoloLens seems to be the solution that most fulfils the entire criteria even if
they do not satisfy criteria in terms of comfort and price. However, as these technologies are
constantly evolving, we must continue our study throughout the project to update this conclusion and
evaluate more ergonomic glasses such as nreal and MAD Gaze when they will be available for
testing.
The experience acquired by this study will allow us to quickly design and develop a travel assistant
in mixed reality as soon as the appropriate device is available.
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End of document
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