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Abstract. The future of work is increasingly mobile and distributed across space and time. Insti-
tutions and individuals are phasing out desktops in favor of laptops, tablets and/or smart phones
as much work (assessment, technical support, etc.) is done in the field and not at a desk. There
will be a need for systems that support remote collaborations such as remote guidance. Aug-
mented reality (AR) is praised for its ability to show the task at hand within an immersive envi-
ronment, allowing for spatial clarity and greater efficiency, thereby showing great promise for
collaborative and remote guidance tasks; however, there are no systematic reviews of AR based
remote guidance systems. This paper reviews the literature describing AR-based remote guidance
tasks and discusses the task settings, technical requirements and user groups within the literature,
followed by a discussion of further areas of interest for the application of this technology com-
bined with artificial intelligence (Al) algorithms to increase the efficiency of applied tasks.
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1 Introduction

The future of work is increasingly mobile and distributed across space and time. Insti-
tutions and individuals are phasing out desktops in favor of laptops, tablets, smart
phones and/or other mobile digital devices as much work (assessment, technical sup-
port etc.) is done in the field and not at a desk. In situations where the assessment, repair
or maintenance of a system requires specific expertise, an expert in the field is usually
flown in to accomplish the task. This way of doing thing can be costly given the time
and money required to travel to the site, thus resulting in reduced productivity.

The advent of mobile augmented reality (AR)-capable digital devices, along with wire-
less communication networks and artificial intelligence, paves the way to a radical
change in work environments. By combining these technologies, we could ask a local
novice worker to complete complex tasks under guidance of a remote expert helper
who can be located anywhere. This way of doing thing will significantly increase the
productivity and/or reduce the cost and response time related to such interventions.

This paper reviews the literature describing AR-based remote guidance tasks and dis-
cusses the task settings, technical requirements and user groups within the literature,
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followed by a discussion of further areas of interest for AR researchers. It will also
discuss possibilities of integrating Al tools such as deep leaning for enhancing the ef-
ficiency and accuracy of AR-based remote guidance. AR is a system whereby the real
environment is combined with a virtual environment, created digitally, and is interac-
tive in real time. Unlike virtual reality where the environment is entirely rendered, AR
enhances the real world by adding virtual information and also could include applica-
tions that can remove real objects [1].

The immersive qualities of AR show great promise for increased spatial clarity and
greater efficiency for remote guidance tasks; however, we found no systematic review
of academic literature examining the use of AR for such tasks. This paper provides a
literature review of remote guidance tasks with user studies, followed by information
on typical scenarios whereby AR for remote guidance could be used, as well as a dis-
cussion on future areas of interest for researchers. This paper finally discuss about var-
ious possibilities offered by the combination of AR and Al technologies to create some
automation in the process in order to increase the effectiveness of current AR-based
remote guidance tasks in concrete scenarios such as those faced by first responders [2,
3,4,5].

1.1  Augmented Reality

The concept of AR has been studied for some time now [6, 7, 8] and sits somewhere in
the middle of the virtuality continuum [9]. AR is created through the use of physical
display devices which can include: fixed devices (tabletop, window); handheld devices
(HHD) (phones/tablets) [1]; head-worn devices (HWD) (either optical see through
transparent display or video see through opaque display); and projection-based display
(PJD) (whereby videos are projected onto objects to be augmented) [10]. Also, other
optical devices such as microscopes can benefit from AR [11].

1.2 Remote Guidance

Remote guidance (a.k.a. remote assistance [12], remote coaching [13] or tele-guidance
[14]) is a collaboration scenario involving a remote helper guiding in real time a local
worker in performing a task on physical objects [15]. Remote guidance can be used by
first responders as well as in various fields ranging from medicine, to mining to manu-
facturing [15]. Remote guidance tasks are typical use cases for AR applications. These
tasks can be done via augmented visual instructions with audio either prerecorded [13]
or live, coming from a human expert or generated through artificial intelligence [11].
Visual instructions can vary — from directional arrows or lines, shapes, varying colors,
virtual hands or other virtual markers for better understanding of the relationship of
objects to the environment [13, 15, 16]. The goal is to harness both human and Al
capabilities to identify objects and people (for example through object or face recogni-
tion) in order to generate virtual content that best fit the real scene and optimize the
guidance process.



These types of visual instructions could be applied: to remote guidance for monitoring,
assembly [17]; maintenance of equipment in factories [17]; remote guidance for the
medical evaluation and intervention on a patient [18]; or remote guidance for disaster
damage assessment and fighting for first responders. In the latter case, the technology
can be coupled with visual inspection by drones [19] that are remotely guided and ex-
tract specific information of interest that can be shared live with the various parties (in-
field first responders as well as command and control centers), to maximize the effec-
tiveness and the efficiency of the operations by providing real-time critical information
to support the various decision-making processes.

1.3  AR-based Remote Guidance

Several papers already discussed AR-based remote guidance tasks. Some of the early
papers to discuss the topic [20, 21, 22, 23] indicate that most of the current systems for
remote collaboration (e.g. email as well as audio/video conferencing tools) are designed
to support group activities that can be performed without reference to the external spa-
tial environment (e.g. decision making) and that the development of systems to support
collaborative physical (a.k.a. spatial workspace collaboration, collaborative physical or
remote guidance) tasks has been much slower.

Another indication from Fussell et al. [23] is that information exchanges during collab-
orative physical tasks generally focus on the identification of target objects, descrip-
tions of actions to be performed on those targets, and confirmation that the actions have
been performed successfully. Also, as they speak, collaborators on physical tasks use
gestures to clarify or enhance their messages. This paper also describes tools developed
to provide remote collaborators the ability to make certain types of gestures by over-
laying images, such as a cursor pointer or pen-based drawings, on a live video feed
from a workspace. This paper also indicates that collaboration on physical tasks can
vary along several dimensions such as the number of participants, temporal dynamics
(synchronous vs. asynchronous), type and size of the objects, etc. Like this paper, we
will focus here on synchronous collaboration between two remote persons (the local
novice worker and the remote expert helper).

For example, Huang and colleagues [15] describe the use of a head-tracked stereoscopic
HMD, with sensors and an optical tracker that allows the helper to be immersed in the
virtual 3D space of the worker’s workspace allowing for two users to see one another’s
gestures while both working in the field using a hands free system involving a helmet,
camera and near-eye display. This user study showed that the use of a 3D immersive
interface is helpful for improving user’s perception of spatial relation and their sense of
co-presence, more particularly for complex tasks.

In another paper [24], Huang and colleagues acknowledge that one of the main issues
associated with remote guidance is the loss of common ground. When co-located, col-
laborators share common ground and are able to constantly use hand gestures to clarify
and ground their messages while communicating with each other verbally. However,



when collaborators are geographically distributed, such common ground no longer ex-
ists, resulting in them not being able to communicate the same way as they do when
co-located. As a result, Huang and colleagues focus on the innovation of a shared visual
space for gestures in their lab study.

In a separate paper, Fussell and colleagues study a remote guidance task in a case where
the remote helper is a mobile robot [23]. In that case, experimental results showed that
head movements from the remote robot were effective in the sequential organization of
communication. On the other hand, the remote pointing function did not operate ideally
within the two reference system of both the instructor and the robot operator.

In [25], Yamashita et al’s study has remote collaborators using distributed tabletops
activities involving real objects with a technique called “remote lag” to alleviate the
problems caused by the invisibility of remote gestures. The invisibility being created
by occlusion problems on the tabletops or by remote gestures that were missed when a
worker concentrated on the work at hand or his/her attention was directed elsewhere or
simply by supposition of visibility. The “remote lag” technique consists in an instant
playback of the remote gestures which gives a chance to recover from the missed con-
text of coordination. The results of the experiment presented in [25] suggest that this
technique greatly reduces the negative effects of the invisibility problems.

Although remote guidance with pointing (with a laser or a mouse) is an important aspect
of remote guidance, research results indicates that projecting hands of the helper sup-
ports a much richer set of non-verbal communication and is therefore more effective
for remote guidance [26].

Finally, Alem et al. [27] suggest that the following requirements for AR remote guid-
ance system in industry:
1) The need for mobility of the worker by using wearables computers and cameras;
2) The need to allow helpers to guide remotely using their hands.

Based on these requirements, a system called HandsOnVideo was built that uses both
standard view and panoramic view cameras to provide both a local and a more global
view in order to increase the situational awareness of the users. The system has been
used by more than twelve participants for three representative tasks, namely: repairing
a photocopy machine; removing a card from a computer motherboard and assembling
Lego toys. The worker user interface (Ul) in this case used a near-eye display and the
overall response from the participants’ pool is that the system was quite intuitive and
easy to use with no discomfort with the near eye display of the worker system.

2 Combining AR and Al

The basic features characterizing AR systems consist of: 1) analyzing 2D/3D scene to
detect positions where virtual content is to be added to the real content, 2) accurate 3D



registration of virtual and real content and 3) real-time human-machine interaction [28,
29, 33]. The ultimate goal of these systems is to ensure a seamless blending of virtual
and real visual content such that an immersed user perceives it a one continuous and
natural environment. Apart this requirement, AR-based remote guidance applications
pose additional challenges since their aim is also to guide a remote (novice) technician
to perform complex tasks, such as repair or maintenance, sometimes subject to space
and time constraints [30, 41].

One promising way to build efficient and automatic systems for AR-based remote guid-
ance is to integrate Al technologies. Indeed, AR systems require basic perception of the
visual world and its component elements, estimating the position and orientation of 3D
objects of interest and accurately aligning virtual content (e.g., object models, annota-
tions) with the real one [31]. Computer vision and machine learning techniques can
provide a viable solution to address these challenges, whereby the built AR systems can
integrate modules to automatically analyze and parse the visual environment, generate
the appropriate virtual content and align it correctly with the real one.

In the past, several methods have used computer vision techniques to enhance the AR
basic features for remote guidance systems. Proposed approaches tried mainly to inte-
grate object detection algorithms in remotely guided maintenance or repair applications
using AR-based systems. To track objects on interest in the scene, some methods used
markers to provide accurate 3D object position in real time [34]. Markers are visual
cues which trigger the display of the virtual information. They are normal images or
small objects (e.g., rectangles) that are trained beforehand so that they can be easily
recognized in the scene. They can indicate what the user is looking at and where the
virtual content should be added. However, they are less adaptive to the environment
and are sensitive to occlusions.

Other methods use feature points extracted from images to establish object position by
matching these points with a preprocessed database of the objects [35]. For example,
Gurevich et al. [29] have proposed the TeleAdvisor system to support remote assistance
tasks. It is a hands-free transportable device composed of a video camera and a small
projector mounted at the end of a tele-operated robotic arm. The system enables a re-
mote expert to view and interact with a technician workspace, while controlling the
point of view. To enable accurate AR projections on the scene, the system uses an active
tracking procedure estimating the distance between the surface and the device.

In [30], the authors proposed the ARgitu system for AR-based maintenance of robot
arms. To deal with the problem of 3D non-Lambertian surfaces, the system integrates
computer-aided design (CAD) object models and conics to build an accurate and robust
object detection and tracking module. In addition, the system integrates 3D object train-
ing based on the CAD geometric features of each object. It uses also a general easy-to-
use authoring tool for developing new (virtual) content for remote guidance in advanced
manufacturing industry.



Registration is a necessary step in any interactive AR system. It relates to correctly
aligning annotations and virtual content with the real view of the environment [1, 31].
Registration accuracy can be affected by relative motion between the camera and ob-
jects, changes of object aspects, object occlusions and changes of lighting conditions.
To address this issue, past methods have used mainly markers [29] or feature matching
[30] to find the best alignment of virtual and real content. Markers are usually easy to
detect and track on images and can ensure speed, stability and robustness of the regis-
tration, but it does not adapt to the environment relief. Feature matching consists in
visually tracking object features such as color, texture, corners, lines or conics [31].
Since features change in appearance with the point of view, these techniques use com-
plex algorithms, which can decrease the robustness of registration. Finally, most of
these methods are not fully automatic, since a human is usually needed to extract fea-
tures in the first image and to match them with the virtual model.

Recently, deep learning (DL) based methods have shown impressive results for object
detection and recognition [34, 35, 36]. Contrarily to traditional machine learning meth-
ods that use hand-designed features, DL methods extract features automatically from
large amounts of data. In addition, they have robustness to partial occlusion [36].

In [32], the authors proposed DL for recognizing hand actions captured by static RGBD
cameras. The method combines recognition of local interactions and global progress of
an activity (e.g., assembly, repair, etc.) to feed the user in real-time with actions and
context-sensitive prompts while performing the next step of the operation or recovering
from errors. The authors use a DL-based segmentation algorithm [33] to localize hands
and recognize their local interactions. They also use a probabilistic model for activity
state prediction. Finally, Akgul et al. [40] have used DL for accurate and real-time
target tracking and detection in AR systems, which showed very promising results.

Another intrinsic part of AR-based remote guidance systems is the virtual content cre-
ation service, known as content authoring. It enables the user to create representations
of physical objects such as 3D point cloud models, annotated anchor points, buttons,
text, animations and virtual objects, which are then added to the real content of the
scene. AR-based systems require suitable authoring tools for the development the vir-
tual content and correctly aligning it with the real one. Most of existing methods usually
require the use of complex design tools requiring advanced programming [29, 30, 31].
The advent of DL methods can play a key part for virtual content generation. For ex-
ample, generative neural networks can help in designing realistic 3D and 3D visual
content by training on data [37], thus providing a huge potential for AR authoring.

3 Discussion

AR-based remote guidance can be useful in various domains. There are several key
components to the use of AR in remote guidance tasks. In general, a good system re-
quires audio communication as well as means for gesture communication (minimally
pointing and ideally sketching) and a shared visual space [15, 21, 23, 24, 27]. These



requirements place emphasis on the need for environments which have limited back-
ground noise, adequate lighting, and a reliable communication link.

Observational studies of physical collaboration suggest that people’s speech and ac-
tion are intricately related to the position and dynamics of objects, other people, and
ongoing activities in the environment [23]: therefore, we can already determine that
noisy environments are not good candidates for remote guidance unless we can isolate
the remote collaborators from that noise.

The same could be said about lighting, i.e. the scene that is to be augmented must be
well lit since AR is currently primarily a vision-based technology. Therefore, night or
underground operations must provide either appropriate lighting or rely on the use of
night-vision systems which themselves rely on image enhancements and/or thermal im-

aging.

Also, remote guidance requires a communication link between the remote expert helper
and the local novice worker. Hence, remote guidance cannot be used in remote areas
where no communication link exists or where the latency on the communication link
does not allow real-time feedback between both the novice and the expert.

As for the combination of Al and AR, Al technologies such as DL have demonstrated
a huge potential to enhance the efficiency and robustness of AR-based remote guidance.
Recent advances in DL-based methods including semantic segmentation [33], object
detection and recognition [33-36] and image/video annotation [38, 39] offer huge op-
portunities to build efficient AR-based guidance systems that can enjoy full automation
while being adaptive to the environment. These systems can run in real-time while op-
timizing the guidance process by appropriate augmented content such as sketches,
prompts and annotations. Automatic estimation of depth and 3D localization of object
boundaries in real-time [33] can also enhance registration accuracy to create immersive
experiences of a natural and continuous environment.

Future of Al is very promising where AR systems will have direct benefits from the
coming advances. For example, systems can be developed to take into account multiple
data modalities (e.g., image, video, sound and text) and spatial and temporal context to
optimize the guidance process [41]. Advances in robotics can also enable to help or
assist directly novice technicians through a robot arm that performs complex and deli-
cate tasks under the guidance of a remote knowledgeable expert. In addition, systems
can employ several cameras to analyze the actions of technician and estimate the pro-
gress of a task, while analyzing the object details and state upon which the re-
pair/maintenance task is performed. Semantic segmentation [33] can be used in that
regard to identify meaningful regions in an image, such as human hands, buttons or
components of an equipment.

Finally, advances of Al can lead to systems enabling self-guidance or remote guidance
using robots. Technician workers can often face challenging situations or struggle with
equipment malfunctions on sites, while located far from a well-equipped lab and knowl-
edgeable experts. Visual augmentations generated by an onsite or remote computer,



which receives input from one or multiple onsite cameras, can be projected to the tech-
nician at the physical scene or a see-through device such as smart glasses [42].

4 Conclusion

The literature review on AR-based remote guidance tasks and related user studies indi-
cates that these systems could be used in various fields ranging from medicine to man-
ufacturing to disaster management by first responders. The main usefulness being in
the ability for a remote expert helper to guide a local novice worker through the use of
the main communications channels (i.e. speech gesture and vision). Within any AR-
based remote guidance system, the users must then be provided with a shared visual
space (usually a live video feed) and the capability to communicate by speaking, point-
ing and/or drawing and hand gesturing in order to maximize the usability of the sys-
tems. There are specific conditions (good lighting, low acoustic noise, network access)
under which using AR for remote guidance would be better suited, according to the
work environment as well as the technical requirements needed to establish and main-
tain a reliable communication link. We also saw that the addition of artificial intelli-
gence (Al) algorithms to these systems can increase the efficiency of applied tasks, and
this will likely be an avenue of interest for researchers interested in the use of AR for
remote guidance.
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