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This white paper was drafted by the 
b<>com Hypermedia team, specifi-
cally by JÉRÔME ROYAN, Hyperme-
dia principal architect and main 
contributor; MURIEL DESCHANEL, 
Hypermedia business development 
director; and NICOLE LE MINOUS, 
project manager. The three of them 
are experts in augmented reality 
technologies. 

This contribution is based on skills 
developed at b<>com, focusing on 
natural interaction in immersive 
environments. In order to develop 
technologies that enhance human 

performance, b<>com experts study 
collaboration between heteroge-
neous immersive systems, ranging 
from augmented reality glasses to 
advanced gesture-based interfaces 
to industrial virtual reality
equipment. The user is central to 
the way b<>com thinks and works, 
from defining usage cases to 
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Augmented Reality (AR) has experienced a new 
craze due to the significant increase in sensing and 
processing capabilities available to smartphones 
and tablets. The old dream of naturally increasing 
our perception of the real world is becoming a 
reality. But is AR mature enough for widespread use 
and mass adoption?

Let’s first agree on an accurate definition of AR! As 
with many new technologies that are in the spot-
light, we are witnessing the advent of a myriad of 
new definitions initially aimed at demonstrating 
how innovative each new player is. However, these 
varied definitions may lead to confusion. Let’s go 
back to Ronald Azuma who «defines AR as a system 
that has the following three characteristics:

• Combines real and virtual
• Interactive in real-time
• Registered in 3D»

This definition clearly defines the scope of what 
augmented reality is and what it is not.

{Celebrating 50 years of AR}

The first system, invented by Ivan Sutherland and 
called the Sword of Damocles, that can be conside-
red as an augmented reality device, dates back to 
1968. 

The system was so heavy that the headset was 
attached to a mechanical arm suspended from the 
ceiling, which inspired its name! 

50 years later, a lot of progress has been made. For 
instance, the Hololens device from Microsoft is a 
technological feat offering both a stereoscopic see-
through display and a relatively robust and stable 
tracking at very low latency. Apple and Google 
recently released their augmented reality SDKs (res-
pectively ARKit and ARCore), joining existing SDKs 
such as Vuforia. 

These AR solutions are paving the way for the emer-
gence of a wide range of augmented reality appli-
cations on smartphones, tablets and glasses. The 
development of the ‘ultimate device’, lightweight, 
with a discreet form-factor, powerful, operating 
anywhere and with low energy consumption is a 
fascinating race.

This white paper focuses on AR for industrial 
needs. It presents use cases which can already be 
addressed with existing devices, as well as the 
remaining R&D challenges and the most promising 
evolutions we can expect in the years to come.
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[The reality continuum]

[Real environment]

[Augmented
reality]

[Augmented 
virtuality]

[Virtual reality]

[Virtual 
environment]

[Mixed reality]

>

>

{Combining real and
virtual scenes}

{Real information enhancing 
synthetic environment}

{Real environment enhanced 
with digital information}

{Immersion}

{Synthetic environment}
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[Part 1:
The potential of AR 

for professionals]
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The potential uses of augmented reality are ma-
nifold. The arrival of smartphones equipped with 
sensors and more powerful computing capabilities 
triggered the widespread release of consumer ap-
plications for cultural, entertainment, advertising, 
learning, and retail, among others. However, since 
the mid-80s the professional world has been iden-
tifying a set of possible use cases for augmented 
reality that range from product design to operator 
training. Defense, Manufacturing, Real Estate and 
Healthcare have emerged as early adopters.

The manufacturing domain provides a good idea of 
main usages:

• Guided assembly as augmented reality makes it 
possible to present an operator with informa-
tion about the tasks to be performed intui-
tively and with little ambiguity

• Quality control as the visual comparison offered 
to human eyes makes it easier to search for 
positioning defects or reference errors

• Field servicinG (maintenance) as augmented rea-
lity enables valuable assistance by presenting 
information drawn from the company’s docu-
mentation system, in an intuitive and contex-
tualized manner

• desiGn oF Factory PlanninG as augmented reality 
technologies offer the ability to incorporate 
the digital model into the actual environment 
without any additional scanning and make it 
possible to test the integration of new pro-
duction equipment into its intended environ-

ment

• loGistics as the visual assistance offered by 
augmented reality enables workers to find 
their way around the site more quickly, using 
geolocation mechanisms that are compatible 
with the accuracy requirements of a large-scale 
indoor location scenario and then help opti-
mize order picking and preparation

 AR IS OF VALUE IF YOU WANT TO             
 VISUALIZE CONTEXTUAL INFORMATION                  

 LOCATED IN THE REAL WORLD, WITH A            
 NEED TO DISPLAY THIS INFORMATION IN                               

 REAL TIME 

• traininG as augmented reality applied to the 
field of training is of great interest to lear-
ners, thanks to its visualization and natural 
interaction capabilities. It facilitates their 
understanding and improve their memoriza-
tion of phenomena and procedures by integra-
ting virtual elements into the real world

• sales and marketinG which have been the pri-
mary vectors for the use of augmented reality 
over the past few years. Augmented reality 
technologies appear to provide a solution for 
addressing the business needs of the sales and 
marketing activity. For example, attracting 
user attention with interactive packaging, 
enabling prospects to get more information 
about a brand or product, presenting virtual 
products that can easily be understood and 
used by customers or sales teams, integrating 
virtual products into the surrounding reality 
in actual conditions and in real time

Productivity gains, better safety, improved qua-
lity, and better customer experience are often 
cited as the benefits of augmented reality. But ac-
curately measuring these benefits is still an issue! 
One should keep in mind that AR is of value if you 
want to visualize contextual information located 
in the real world, with a need to display this infor-
mation in real-time

 Part 1: The potential of AR for professionals 
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[Part 2:
Let’s dig into AR]
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To understand and anticipate what the future will 
bring, let’s have a closer look at today’s challenges 
for AR’s early adopters and developers. These are 
technological, UX and marketing ones.

/Technological challenges/

Looking back at the definition of AR, we can iden-
tify the following three main challenges:

• The 3d reGistration to perceive virtual content 
perfectly situated with regard to the world

• The combination of virtual content with the user 
perception of the real world

• The real-time interaction in order not only to 
achieve perfect coherence between real and vir-
tual elements, but also to interact with virtual 
content

As the challenges are related to current technolo-
gy limitations, we need to describe how existing 
solutions work to improve our understanding on 
why current AR systems do not always fulfill user’s 
expectations.

{3D registration}

In order to achieve perfect 3D registration, an AR 
system needs to estimate its position and orienta-
tion, called its pose, defined in a given coordinate 
system relative to the real world. Indeed, when 
the user moves in the real world, his viewpoint 
changes. As the AR system has to keep consisten-
cy between the real and virtual space, it has to 
update the viewpoint from which it will render the 
virtual scene in order to colocalize both the real 
and virtual space.

Solutions exist to localize a device. In an outdoor 
context, exteroceptive sensors (measuring the 
state of the system according to its environment 
such as the GPS, the Wifi, the cellular waves, an 
altimeter, etc.) often combined with propriocep-
tive sensors (measuring the internal state of the 
system such as an accelerometer, a gyroscope, etc.) 
can provide AR system with both their position 
and their orientation.

Nevertheless, many AR use cases require accurate 
registration, and both GPS and magnetometers 
are sensitive to external interference (GPS waves 
bouncing off walls in an urban environment, 
magnetic field variation, etc.) resulting in rough 
pose estimation. This is why vision sensors are 
generally used to achieve better accuracy. Let’s 
start by understanding how a one-eye, or monos-
copic system, such as found in most smartphones 
and tablets, can estimate its pose thanks to visual 
information. It generally consists of two steps: 
relocalization followed by the tracking loop.

Relocalization aims to provide a first camera pose 
estimation based on a minimum knowledge of 
the real world such as a fiducial marker (based on 
white and black patterns), a natural image marker 
(a planar image), a bag of words (set of previously 
captured images from different known viewpoints 
described in a dictionary), a more or less dense 3D 
description of the real world based on 3D features 
(e.g. point cloud, edges and CAD models), etc. 

Thus, the relocalization process consists in doing 
a match essentially based on appearance criteria 
between the current image captured by the vision 
sensor and the knowledge of the real world. The 
real world varies over time, and what is captured 
by the sensor from a given viewpoint can be far 
from its knowledge, which may cause an error in 
the relocalization process. So providing a good 
registration to the user immediately after star-
ting an AR application remains one of the biggest 
challenges in computer vision, especially in large-
scale and outdoor conditions.

 AN AR SYSTEM NEEDS TO ESTIMATE ITS  
 POSITION AND ORIENTATION, CALLED ITS  
 POSE, DEFINED IN A GIVEN COORDINATE  

 SYSTEM RELATIVE TO THE REAL WORLD   

 Part 2: Let’s dig into AR 
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When the first pose of the camera is estimated, 
the localization system generally uses a tracking 
loop. Camera tracking consists of estimating in 
real time the movement applied to a camera from 
one viewpoint to another knowing the two images 
captured from both viewpoints. Compared to the 
relocalization process, here the world has not 
changed so much between two close frames cap-
tured by a camera, which can be easily matched. 
Although the estimation of the camera movement 
between close frames is not so complex, small 
estimation errors accumulate and can generate 
a substantial drift during navigation. The main 
challenge today is to reduce this drift. For exa-
mple, most AR systems implement a SLAM (Simul-
taneous Localization And Mapping) method that 
consists of mapping a 3D representation of the 
real world at the same time as the tracking. Thus, a
solver can optimize both the 3D mapping and the 
estimated poses which greatly reduces the drift. 
Also, when a user retraces his steps after walking, 

a global optimization called loop closure is ap-
plied to once again correct the drift. 

Although AR systems have improved significantly 
in recent years, 3D registration remains an open 
challenge depending on the environment and when 
accuracy and robustness are crucial. Moreover, no 
3D registration method fits all use cases, and de-
dicated solutions are required to address specific 
contexts, tasks and devices. This is why solutions 
such as the SolAR framework have a real use by pro-
viding an easy way to develop and tune dedicated 
3D registration solutions to fulfill specific use 
case requirements. (See note 1 for more information)

 3D REGISTRATION REMAINS AN OPEN          
 CHALLENGE, ESPECIALLY IN LARGE,             

 DYNAMIC AND OUTDOOR ENVIRONMENTS 

[AR system]

[T Environnement]

[Relocalization] [Tracking] [3D Mapping]

[Update]

[Tracking loop]

[SLAM]

[Relocalization]

[T-1 Environnement][T0 Environnement]

[Update]
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{Real and virtual combination}

An AR system has to render sensorimotor signals 
(e.g. visual, audio and haptic) to the user to allow 
him to perceive information perfectly integrated 
into the real world. It is not just about superim-
posing augmentation onto the perception of the 
real world.

The first challenge lies in the consistency 
between real and virtual elements. 
An AR system has to handle occlusions between 
real and virtual elements, eventually to illumi-
nate the virtual objects based on the actual light 
sources, to project shadows of real objects on the 
virtual scene, and conversely, to reflect the real 
scene on specular virtual surfaces and even to de-
lete or modify real elements. (see note 2 for more 
information) 

The second challenge is inherent in rende-
ring devices. Just consider here the case of AR 
see-through glasses. Their usual field-of-view 
(~50°) is far from the human field-of-view 

 

(~210°), and their opacity does not allow them to
perfectly occlude part of the real world, especial-
ly in a strongly illuminated environment. Perfect-
ly simulating the signals so as to fool the human 
senses remains a major challenge. (see note 3 for 
more information)
 

{Real-time interaction}

An augmented reality experience cannot be res-
tricted to observing the scene as a spectator, but 
also needs to empower the user as an actor who 
can interact with virtual or real elements ideally 
in collaboration with other users. This is pro-
bably where the finest value of an AR app stands. 

First, an AR system has to provide interaction in-
terfaces and techniques that are as «natural» as 
possible. In fact we prefer to talk about intuitive 
interaction (requiring low learning) that allows 
users to perform tasks efficiently without any 
discomfort. 

[AR and brain perception]

[Real?]

[Haptic/intuitive interactions]

[Sound quality][Visual quality]
[Artificial?]

[AR perception]

{Precise motion tracking}

{Natural user interfaces}

{Minimal latency}

{3D sound}

{High resolution audio}

{Stereoscopic display}

{Large field of view}

{Extreme pixel quantity and quality}
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While interaction paradigms have been widely 
adopted for computers (Windows, Icons, Menu 
and Pointing devices) as well as for touchscreen 
devices (e.g. tap, double tap and swipe), no real 
consensus has been reached yet for AR systems. 
Indeed, AR systems implement heterogeneous 
interaction interfaces, from touchscreens for 
tablets or smartphone, to 3D gesture recognition 
based on controllers or hand tracking, possibly 
coupled with eye tracking and even brain-compu-
ter interfaces.

 THE HUMAN BRAIN CAN DETECT THE 
 SMALLEST DESYNCHRONIZATON BETWEEN      
 THE REAL AND THE VIRTUAL ELEMENTS, 
 WHICH CAN GENERATE DISCOMFORT AND 
 DEGRADE USER EXPERIENCE 

Secondly, real-time interactions for AR applica-
tions are mapped on the natural action-

perception cycle that handles the way humans 

interact with the real world (a human perceives 
its environment, plans its action, acts, perceive 
the result of his action and loops). In the case 
of an AR experience, users interact with virtual 
and possibly real elements thanks to dedicated 
interfaces and interaction techniques (action 
step). Then the system will interpret the actions 
of the different users to update the current 
state of the simulation (command step) and will 
generate new sensorimotor feedback to each user 
(feedback step). These feedbacks are perceived 
by the users (perception step) who can plan what 
they will carry out (cognition step). Here, the 
main challenge lies in the fact that parts of the 
perceived world are simulated, which takes time 
and resources. The human brain can detect the 
smallest desynchronization between the real 
and the virtual elements, which can generate 
discomfort and degrade user experience. This 
implies that the cycle must run at a very high 
frequency, from the action step to the feedback 
step. It also means that the 3D registration that 
needs important computational resources has to 
be achieved in a few milliseconds. (see note 4 for 
more information)
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/Human and market challenges/

{Content production}

AR content is by definition content that is geo-
located according to a world coordinate system, 
whether it is a text, an image, a video, a sound, a 
3D model, etc. For some applications, 2D content 
put on virtual billboards will meet the user’s 
needs (e.g. points of interest around me, pictures 
shared by a community). Nevertheless, as AR is 
intrinsically in 3D, richer user experiences will 
require 3D content based on synthetic models 
created with 3D modelers or 3D reconstructions 
of real elements based on photogrammetric 
approaches. So developing great AR experience 
requires development and design resources which 
could become expensive. 

If we focus on the manufacturing or construction 
industry, some actors simply do not have access 
to the digital model, and must model in 3D the 
systems they want to display in AR. Others already 
have access to 3D models through their Product 
Lifecycle Management or Building Information 
Modeling software. But PLM and BIM software do 
not yet provide users with interactive AR players, 
and AR players based on game engines are not 
designed for manufacturing and construction 
industries purpose. The result? An increase in 
AR content production costs that slows down AR 
adoption. According to the survey conducted by 
the ETSI Industry Specification Group ARF, issues 
relating to content preparation (availability or 
adaptation of the data) are one of the three main 
challenges for AR users.

 DEVELOPING GREAT AR EXPERIENCE 
 REQUIRES DEVELOPMENT AND 
 DESIGN SKILLS, WHICH COULD 
 BECOME EXPENSIVE 

{Acceptability}

The first barrier would be that AR is potentially 
perceived as superficial or representing a dubious 
value for users. These perceptions will be 

partially influenced by the perceived benefits 
for users and the diversity of AR solutions. Some 
studies reveal that the need for additional sof-
tware, apps and hardware is currently the biggest 
barrier to AR adoption.

Another challenge for AR will also be to improve 
ease of use. Beyond the usual aspects of per-
ceived usability, it is the quality of the overall 
user experience provided by AR that will in-
fluence its mass adoption. The primary added-va-
lue to the user seems to present relevant and 
contextual information at the right time. The 
mental (over)load, related to the multiplicity and 
timing of information presented to the user, is 
one of the major issues. In terms of perceived 
usability, the physiological aspects also play a 
key role during the use of AR. Painful interaction, 
visual fatigue due to vergence-accommodation 
conflict, heaviness, intrusiveness or proliferation 
of the devices represent just some of the poten-
tial hurdles to circumvent.

Last but not least, ethical acceptability will have 
to be studied. With the tracking required by AR 
comes the problem of personal, private or confi-
dential data. The questions related to the lack of 
anonymization for companies, workers and consu-
mers will need to be addressed in the near future.

 BEYOND THE USUAL ASPECTS OF 
 PERCEIVED USABILITY, IT IS THE 

 QUALITY OF THE OVERALL USER 
 EXPERIENCE PROVIDED BY 

 AR THAT WILL INFLUENCE 
 ITS MASS ADOPTION 

{Interoperability}

Lack of standards-based interoperability is a bar-
rier to the wide adoption of AR. Interoperability 
will encourage an ecosystem with a diverse range 
of solution providers including smaller players, 
new entrants and academics and will prevent 
lock-in situations with a single vendor (vertical 
siloes). Interoperability will also ease technology 
swapping and in turn this will enable the rapid 
evolution of services and an increase in applica-
tion performance. (see note 5 for more information)
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[Part 3:
What about tomorrow?

 The next AR frontier]
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Digitization has already changed many aspects 
of our daily lives, with more and more services 
just a click away. The development of mobile com-
munications makes digital not only ubiquitous 
but also “ambiant”. This new paradigm leads to 
what can be called “digital twins” of our envi-
ronment and, sometimes, ourselves. These digital 
twins are expanding fast, whether through reality 
capture or “by design” (e.g. CAD models for buil-
ding construction). From this perspective, aug-
mented reality services, applications and devices 
have the potential to significantly change how we 
will interact and use anything digital, ultimately 
leading to tremendous innovation opportunies 
over time.

In this context, significant breakthoughs and new 
disruptive technologies will come about, giving 
a serious boost to innovation in addition to ena-
bling technologies such as 5G.

We choose to focus on 3 promising areas looking 
ahead, consistent with the challenges previously 
addressed:

• Interpret the real world and map it consi-
dering dynamic aspects of the real world: 
Machine learning teamed up with computer 
vision is a key combination

• consider large-scale environments while al-
lowing multi-user interaction: The notion of 
“AR in the cloud” is fundamental, in combi-
nation with ultra low latency and ultra high 
bandwidth networks

• interact naturally with visual augmentation, 
see virtual objects where they should really be 
placed into reality: Truly holographic displays 
are probably the future!

/Machine learning/

In addition to augmented reality, applications 
such as autonomous driving and robotics in gene-
ral are fostering computer vision to remain a ma-
jor area of research and innovation investment. 
Machine learning is revolutionizing this field, 
and will greatly benefit AR applications in many 
ways. Remember, the open challenge is

to provide an accurate and robust registration 
in large and dynamic environments submitted 
to various lighting conditions. Classical algo-
rithms based on geometric approaches reached 
their limits, and recent research is going beyond 
the state of the art by making use of machine 
learning approaches. Will Convolutional Neural 
Networks replace traditional approaches? Initial 
work shows that the best results are obtained by 
cleverly combining geometric and machine lear-
ning approaches. 

Machine learning will also benefit the combining 
of real and virtual by improving, for example, the 
consistency between real and virtual elements.

Although the primary purpose of augmented 
reality is to present relevant and contextual 
information in the right place, combining other 
technologies to present the right information at 
the right time to reduce cognitive load will be 
critical to the adoption of augmented reality. An 
augmented reality system must therefore unders-
tand the user’s context, what his task is, how the 
real environment evolves, what the potential dan-
gers are, and where to position virtual elements 
in a coherent way with the real environment (e.g. 
occlusions). Thus, an AR system will have the 
ability to analyze the environment, segment and 
index the objects around it, identify and track 
them, and understand users’ activities, in or-
der to display relevant information. And in this 
domain, machine learning, and more specifically, 
deep learning approaches have made a specta-
cular leap in recent years, offering the ability to 
analyze signals from sensors embedded in an AR 
system to guide users in their decision-making. 

 Part 3: What about tomorrow? The next AR frontier 



17Augmented Reality: The next wave is here

/AR Cloud/

These are still early days for AR from a services 
and applications standpoint, and most current 
AR experiences can be considered small-scale 
experiences (size of a room). We can foresee that 
AR experiences will extend over broader scales 
(factory, city, etc). Additionally, while the vast 
majority of those AR experiences are single user 
today, AR services and applications will soon 
offer collaborative capabilities, whether in pro-
fessional contexts (teamwork) or consumer ones 
(“social AR”). It means that AR content has to be 
sharable, persistent, available anytime/anywhere, 
all at the same time and in real time.

From a business perspective, 3 layers could be 
distinguished:

• The 1st one is related to georeferenced digi-
tal twins of real elements, constantly main-
tained, on top of which an AR service can be 
built and offered

• the 2nd one is the augmentation service by 
itself

• the 3rd one is the rendering of the AR service 
to the end-user

For some business applications such as manufac-
turing, those 3 layers may likely be owned and 
operated by a single company. For some other 
cases such as AR services and applications for 
smart cities or agriculture, a broader value chain 
will thrive, leading to new ecosystems. 

From an operational perspective, it is likely that 
each level will significantly rely on cloud-based 
implementations.

The 2nd layer requires storing in the cloud the 
georeferenced augmentations that will be provi-
ded to the end-users and, most importantly, as 
described above, the 1st layer consists of cap-
turing and maintaining a map of the associated 
augmented world to enable a robust 3D relocali-
zation, almost anywhere. Not only will this map 
have to cover many places, it will also need to 
be continuously updated as we live in a dynamic 
world. For many AR services and applications, it 
is very likely that this map will be built from a 
variety of sensors equipping not only wearable 
AR devices, but also autonomous vehicles, surveil-
lance cameras, and any connected object embed-
ding a camera.

Going into details about suitable architectures 
considering key performance factors, 2 main as-
pects of AR may have impacts on the architecture 
of services and applications:

• Low latency and real-time operation which 
may typically require a significant level of 
«proximity» between georeferenced maps and 
augmentations with the end-user

• intensive computer vision processing which 
may require off-loading some heavy proces-
sing happening on the end-user device

From this performance perspective, application 
delivery networks for AR services and appli-
cations may imply edge network capabilities. 
Architectures relying on multi-access edge com-
puting capabilities make a lot of sense from that 
standpoint.
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The inability of current stereoscopic see-through 
headsets to provide correct focus cues to the 
viewer leads to visual discomfort. As a conse-
quence, the ultimate augmented reality display 
should provide a continuous depth of focus to 
enable users to accommodate on both virtual and 
real content at the same time. To achieve this 
goal, several alternative technologies have been 
proposed in the last decade, including varifocal, 

multifocal, light field and holographic displays. 

In varifocal displays, the virtual image accommo-
dation distance is dynamically adjusted depending 
on the user’s eye gaze using either focus-tunable 
lenses [1]  or motorized linear stages [2]. While 
resolving the vergence-accommodation conflict, 
these displays cannot properly reproduce the reti-
nal defocus blur, which strongly degrades the depth 
illusion. 

Multifocal displays use a superposition of seve-
ral virtual images located at various focus dis-
tances, using either several plotting devices [3] or 
time-multiplexed display with focus-tunable optics 
[1]. This technique enables retinal defocus blur to 
be reproduced, but only provides the correct focus 
for a limited number of distances. Similarly, light 
field displays provide near-correct focus depth 
cue and retinal blur using microlens arrays [4] or 
multilayer displays [5]. However, they suffer from a 
diffraction-limited trade-off between spatial and 
angular resolution.

By contrast, holographic displays are the only ones 
able to provide accurate and continuous depth of 
focus to the viewer with a high spatial and angular 
resolution. To create the depth illusion, these dis-
plays reproduce the light wave that would be scatte-
red by the scene, allowing the viewer to perceive it 
as if it were physically present [6]. However, current 
hardware limitations constrain the field of view, 
eye-box size and imaging quality, preventing them 
from being used in consumer market applications.

 THE ULTIMATE AUGMENTED REALITY                 
 DISPLAY SHOULD PROVIDE A CONTINOUS                  

 DEPTH OF FOCUS TO ENABLE USERS TO                     
 ACCOMODATE ON BOTH VIRTUAL AND                       

 REAL CONTENT AT THE SAME TIME 

/Holograms: The ultimate display/
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[CONCLUSION: 5 key takeaways]

1/AR is a promising technology but still requires important 
development investments/

2/The maturity of augmented reality technologies is sufficient 
to start initial deployments in an industrial & professional 
context/ 

3/AR is not yet ready to work everywhere, on every device, all 
the time! Despite the new SDKs offered by the main IT players, 
many hard challenges still need to be addressed in order to 
achieve a real democratization of augmented reality technolo-
gies targeting the consumer market/
 
4/Machine learning and cloudification should break down many 
technological barriers in the years to come/ 

5/AR spreading into daily lives will be possible with a 
significant improvement in the interoperability of augmented 
reality technologies/ 
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Note 1: SOLAR is an open-source framework re-
leased under Apache license 2.0, making it possible 
to easily create your own camera pose estimation 
solution to develop Augmented Reality applica-

tions.

Note 2: Consistency between real and virtual
Audio rendering has to manage the reflection and 
occlusion of sounds based on the real environment, 
and ideally modify the real sounds according to 
virtual content. In some cases, consistency between 
real and virtual elements is essential to reduce 
ambiguity. Indeed, many cues are used by humans to 
perceive and analyze their environment, and all cues 
have to be coherent to facilitate the construction 
of a correct mental representation of the aug-
mented world. For example, depth perception can be 
ambiguous if occlusion cues indicate that an object 
is in front of another and if stereoscopic and paral-
lax cues indicate the opposite.

Note 3: Visual comfort
More subtle behavior can also create discomfort. 
Indeed, current see-through technologies based on 
waveguides that transmit the image from a micro 
display to the eye of the user simulate a virtual 
screen at a given distance in front of the user 
(between 80 centimeters and 8 meters). Unfortuna-
tely, it will not be possible to focus both on virtual 
and real content if the distance of the real content 
is different from the accommodation distance of 
the see-through display. Moreover, the human visual 
system will converge on a given distance and will ac-
commodate on another one, generating discomfort. 
Only systems simulating natural light waves such as 
lightfield or holographic systems presented in this 
document can break down this barrier.

Note 4: Real time interaction issues
As an example, the photon-to-motion latency for 
see-through glasses, which corresponds to the 
latency of the action-perception cycle including de-
vice pose estimation, virtual content rendering, and 
the see-through display, should not exceed 20ms. 
To reach this 3D registration in a few milliseconds 
goal, the latest AR systems use vision and inertial 
sensors to benefit both from the high frequency of 
the inertial sensor and the accuracy of the vision 
sensor. Moreover, recent portable devices embed 
dedicated low consumption processing units spe-
cifically designed for computer vision tasks (called 
Vision processing Units) which can be accessed 
through drivers based on open standards such as 
OpenVX (Khronos Group).

Note 5: ETSI ARF Group
A number of standards organisations have been wor-
king on the development of standards specifically 
addressing AR or targeting applications related 
to AR. Though, there is no wide adoption of stan-
dards for AR, the following groups have produced 
very relevant standards and have seen adoption of 
their specification to a varying degree: the Khronos 
Group (e.g. OpenVX, OpenXR, Vulkan, NNEF), ISO/IEC 
JTC1 (e.g. MPEG ARAF, MPEG-4, MPEG-V, Point Cloud 
Compression), Open Geospatial Consortium (e.g. 
ARML), the W3C (e.g. WebXR) or the Web3D Consor-
tium.

The recently created ETSI Industry Specification 
Group (ISG) called ARF for Augmented Reality 
Framework aims to develop an interoperability 
framework for AR applications and services. The 
development of such framework will allow building 
blocks to interoperate through the defined inter-
faces. The framework will reference existing stan-
dards and will develop new requirements to extend 
a standard when requirements are not fully met 
by the standard. Initial results of the ISG ARF are 
expected to be available towards the end of 2019. 
A modular architecture based on an agreed set of 
common components and defined interfaces will 
help the wider adoption of AR.

 /Notes/ 
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3D registration: Is the task of spatially and tem-
porally aligning the virtual world with the real one. 
A correct 3D registration results in a consistent po-
sitioning of virtual contents (visual, audio, haptics, 
etc.) with real environment whatever the viewpoint 
of the user.

PLM: Product Lifecycle Managment is an infor-
mation management system that can integrate data, 
processes, business systems and, ultimately, people 
in an extended enterprise. PLM software allows 
you to manage this information throughout the 
entire lifecycle of a product efficiently and cost-ef-
fectively from ideation, design and manufacture 
through service and disposal.

BIM: Building Information Modeling is an 
intelligent 3D model-based process that gives 
architecture, engineering, and construction pro-
fessionals the insight and tools to more efficiently 
plan, design, construct, and manage buildings and 
infrastructure.

CAD (from Wikipedia) : Computer-aided design  
is the use of computer systems (or workstations) to 
aid in the creation, modification, analysis, or opti-
mization of a design.

Pose: is the combination of the position and orien-
tation of an object relative to a coordinate system. 
This object could be an element of the scene as well 
as a vision sensor such as a camera. 

Pose estimation: It could be defined as the task 
of determining the pose of an object from images. 
Camera pose estimation is relative to the deter-
mination of the camera pose according to a world 

coordinate system.

SLAM: Simultaneous Localisation And Mapping 
(SLAM), is a method that construct the world in 3D 
and estimate the poses of a camera at the same 
time.

[Ronald T. Azuma: “A survey of augmented reality” 
Presence: Teleoperators and Virtual Environments, 
Vol. 6, No. 4, pp. 355-385, August 1997]

[Paul Milgram¥, Haruo Takemura, Akira Utsumi, 
Fumio Kishino Augmented Reality: A class of dis-
plays on the reality-virtuality continuum. http://
etclab.mie.utoronto.ca/publication/1994/Mil-
gram_Takemura_SPIE1994.pdf]

[B. Arnaldi, P. Guitton, G. Moreau «Virtual Reality 
and Augented Reality: Myths and Realities» Wi-
ley-ISTE, Computer Engineering Series, May 2018, 
ISBN: 978-1-786-30105-5]

[R. Szeliski, «Computer Vision - Algorithms and 
Applications», Springer-Verlag, 2010, isbn: 978-1-
84882-935-0]

/Holograms: The ultimate display/

[1] S. Liu, H. Hua, and D. Cheng, “A Novel Prototype 
for an Optical See-Through Head-Mounted Display 
with Addressable Focus Cues,” IEEE Transactions 
on Visualization and Computer Graphics, vol. 16, 
no. 3, pp. 381–393, May 2010.

[2] K. Aksit, W. Lopes, J. Kim, P. Shirley, and D. 
Luebke, “Near-eye Varifocal Augmented Reality 
Display Using See-through Screens,” ACM Trans. 
Graph., vol. 36, no. 6, pp. 189:1–189:13, Nov. 2017.

[3] K. Akeley, S. J. Watt, A. R. Girshick, and M. S. 
Banks, “A Stereo Display Prototype with Multiple 
Focal Distances,” in ACM SIGGRAPH 2004 Papers, 
New York, NY, USA, 2004, pp. 804–813.

[4] H. Hua and B. Javidi, “A 3D integral imaging 
optical see-through head-mounted display,” Opt. 
Express, OE, vol. 22, no. 11, pp. 13484–13491, Jun. 
2014.

[5] F.-C. Huang, K. Chen, and G. Wetzstein, “The 
Light Field Stereoscope: Immersive Computer Gra-
phics via Factored Near-eye Light Field Displays 
with Focus Cues,” ACM Trans. Graph., vol. 34, no. 4, 
pp. 60:1–60:12, Jul. 2015.

[6] A. Maimone, A. Georgiou, and J. S. Kollin, 
“Holographic Near-eye Displays for Virtual and 
Augmented Reality,” ACM Trans. Graph., vol. 36, no. 
4, pp. 85:1–85:16, Jul. 2017. 

 /Glossary/  /References/ 



23Augmented Reality: The next wave is here

Created in late 2012, the b<>com Technology 
Research Institute is a tech provider and an 
innovation accelerator for every business that 
uses digital to increase its competitiveness. 
b<>com brings together multi-cultural dis-
ciplines and talents in augmented reality, 
virtual reality, and immersive media formats, 
in the fields of applied artificial intelligence, 
cybersecurity, 5G networks, Internet of Things, 
cognitive science, and e-health.
Thanks to its world-class engineering team, 
its technology platforms and its unique mix of 
scientific and industrial knowhow, b<>com of-
fers its clients technology solutions that give 
them invaluable competitive edge.

Collaborations and alliances

b<>com co-founded and holds the chairman 
position of an Industry Specification Group 
launched at ETSI in December 2017, focused 
on Augmented Reality and named “Augmented 
Reality Framework”. 
http://www.etsi.org/technologies-clusters/
technologies/augmented-reality

b<>com is developing an open-source 
framework released under Apache license 2.0 
and called SolAR, making possible to easily 
create your own camera pose estimation so-
lution to develop Augmented Reality applica-
tions. 
https://solarframework.github.io/

Follow us!          irt_bcom
              @IRT_Bcom
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