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Abstract— The deployment of a mobile service robot in
domestic settings is a challenging task due to the dynamic and
unstructured nature of such environments. Successful operation
of the robot requires continuous human supervision to update
its spatial knowledge about the dynamic environment. Thus,
it is essential to develop a human-robot interaction (HRI)
strategy that is suitable for novice end users to effortlessly
provide task-specific spatial information to the robot. Although
several approaches have been developed for this purpose, most
of them are not feasible or convenient for use in domestic
environments. In response, we have developed an augmented
reality (AR) spatial referencing system (SRS), which allows
a non-expert user to tag any specific locations on a physical
surface to allocate tasks to be performed by the robot at
those locations. Specifically, in the AR-SRS, the user provides
a spatial reference by creating an AR virtual object with a
semantic label. The real-world location of the user-created
virtual object is estimated and stored as spatial data along with
the user-specified semantic label. We present three different
approaches to establish the correspondence between the user-
created virtual object locations and the real-world coordinates
on an a priori static map of the service area available to the
robot. The performance of each approach is evaluated and
reported. We also present use-case scenarios to demonstrate
potential applications of the AR-SRS for mobile service robots.

I. INTRODUCTION

Mobile service robots are becoming increasingly popular
in domestic environments to perform various household
chores. The complexity and changing nature of domestic sit-
uations pose challenges in the operation of service robots for
executing scheduled tasks. In such a dynamic environment,
human communication can support robots to acquire and
update spatial knowledge about locations of allocated tasks.
More specifically, in some scenarios an operator may need to
regularly interact with a robot to share spatial information for
performing various tasks. For example, a user may want to
direct a robotic vacuum cleaner according to the context and
cleaning needs of various spaces [1], such as to frequently
visit high-traffic areas that need additional cleaning or to
avoid low-occupancy areas that do not require cleaning.
Alternatively, building a semantic map of an environment can
assist a user to operate a service robot by describing places
from the human point-of-view. As in [2], user interactions
can aid in the construction of semantic information for
a service robot by labeling various rooms in an office
environment. In such cases, an HRI system that can account
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for real-world environments while offering an easy-to-use
and efficient mode of communication is necessary.

In prior research, numerous HRI modalities have been
proposed to facilitate effective interaction with mobile robots
for conveying to them location information for varied ap-
plication scenarios. Specifically, some intuitive approaches
have included laser pointers [3], [4], hand pointing gestures
[5]–[7], and touchscreen interactions on a live video feed of
the robot workspace [8]–[10], among others. In addition to
providing natural modes of interaction, the laser pointers and
pointing gestures enable users to interact with a robot from
their own perspective view. However, these prior approaches
require either smart environments with external sensors, such
as RGB-D cameras [7] or on-board sensors of robots [3]–[6],
to capture the user’s intended gestures.

Alternatively, prior research [11] has suggested intuitive
AR approach for sharing user intentions through dialogues
in the form of spatial visual cues. AR offers mechanisms to
integrate digital content into a real-world space for sharing
spatial information in varied applications [12]. Not surpris-
ingly, several AR-based approaches have been developed to
mediate spatial information from human operators to mobile
robots. In one conventional approach, an overhead camera
captures the exocentric view of the robot’s entire working
environment [8]–[10], [13]. Next, by tracking unique markers
affixed on the robot, the pose of the robot can be detected
in its operating environment. Special markers are utilized
to define or annotate location-specific information [14]. The
pose of virtual objects superimposed on markers is used
to perform designated operations such as motion control of
robot or manipulation of objects [13], [15], [16]. In recent
research, the overhead cameras and computer monitors have
been replaced by a single see-through mobile AR device that
acts both as the sensing and interaction device [15]–[17].
In yet other works, markerless AR technology is employed
using Google Tango device for applications such as teaching
virtual boundaries [18] and authoring tasks [19] to a mobile
robot.

Even as the aforementioned techniques ensure a natu-
ral or intuitive communication with robots, a majority of
them necessitate the use of structured settings [7]–[10]
or specialized research-grade equipment [14], making their
integration into existing robotic platforms or real-world
environments challenging. For example, installing multiple
overhead cameras to cover the entire operating environment
of a mobile robot will be prohibitive when considering cost
and privacy concerns. Moreover, overhead camera views are
prone to problems arising from occlusion [19]. Similarly,
for approaches relying on special markers, a key drawback
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is the practical difficulty of affixing a sufficient number of
markers and creating a prepared environment for the robot
operation [20]. Furthermore, the performance of marker-
based approaches largely depends on the accuracy of marker
tracking system. Thus, it is imperative that the markers be
placed within a fixed distance from the tracking camera
[21], which can limit its application to varied scenarios
arising in human-robot shared workspaces. Prior approaches
based on laser pointers or human gestures require computer
vision techniques that rely on laser tracking systems or
depth camera sensors, which further increases the overall
cost of the robotic systems. Thus, in designing an HRI
system, it is essential to consider some key factors such as its
viability in real-world environments, portability to existing
robotic platforms, cost burden, and scalability to various
application scenarios while aiming for a user-friendly mode
of interaction.

To address these challenges, in this paper, we propose
a mobile AR solution that allows a human operator to
interface with any ROS-enabled mobile robot and effectively
communicate spatial information to it. We exploit the AR
technology to intuitively specify and select any real-world
surface location by creating AR virtual objects with semantic
labels. The virtually marked locations are transformed to
corresponding real-world locations in the coordinate frame
of the mobile robot. To do so, we develop three different ap-
proaches that link the virtual object location and its intended
real-world coordinates. These approaches support sharing of
spatial locations to a co-located or remotely located mobile
robot. With the use of smartphones as the only interaction
device, the AR-SRS can be easily integrated to an existing
mobile robot platform without any additional hardware cost.
Furthermore, the interface can be tailored for a range of
real-world mobile robot applications by customizing the AR
application (see section III.C ).

In this paper, we present the development, implementation,
and testing of the AR-SRS for a ROS-enabled mobile robot.
The rest of the paper is organized as follows. Section II
outlines three approaches used in developing the AR-SRS
and use-case scenarios. Section III discusses the experiments
to examine the performance of each approach and analyzes
the results. Finally, section IV concludes the paper and
discusses future work.

II. APPROACH

An overview of the complete system is given in Fig. 1. The
AR-SRS comprises of two main components: (i) a mobile
AR application as the user interface for specifying spatial
information and (ii) a ROS system (remote PC running ROS
master) that performs necessary computations and storage of
the spatial data. We developed the mobile AR application
by adopting the state-of-the-art AR technology of Google’s
ARCore2 that supports both markerless and marker-based
AR technologies. With the AR application, a user can create
virtual objects with semantic labels at any desired locations
on the surface plane of operation of the mobile robot.

2https://developers.google.com/ar/reference/

Fig. 1: Overview of the AR-SRS: User creates virtual ob-
jects with semantic labels at desired locations with the AR
application. ROS master running on a PC receives the spatial
data, performs computations, and stores results. User gives
instructions using Alexa by calling the semantic labels for
the robot to move to commanded locations. See demo video
at http://engineering.nyu.edu/mechatronics/videos/arsrs.html.

(a) (b)
Fig. 2: (a) Screen-shot of AR application–center-button (+)
creates virtual object; right-button (X) sends spatial data to
the PC; left-button (×) clears the virtual object and label;
yellow color input-field used to enter label information and
(b) AR device mounted on the robot and remotely operated
for approach 2.

After being launched by the user, the AR application
begins by scanning the surrounding environment and detects
feature points and surface planes. Once a surface plane
has been detected, the user is able to select any real-world
location on the detected surface through the AR application.
To do so, the user adjusts the placement of a red-dot target
at the intended location and clicks the center button (+) on
the AR application as shown in Fig. 2a. The pose of the real-
world location is measured by performing a raycast against
the detected surface plane. Specifically, a ray is projected
from the cross-hair center on the phone screen onto the view
space of the camera and the pose of the ray intersecting with
the surface plane is returned. An AR anchor is instantiated
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Fig. 3: Spatial referencing: User creates virtual object with
a label on a desired location

on the corresponding location and a virtual object is created
and attached to the anchor at that location. Next, the user
can assign a label to the recently created virtual object by
typing a text on the yellow color input-field (see Fig. 3).

Upon the press of the right-button (X), the location
and associated label (spatial data) of the virtual object are
transmitted by the AR application using Bluetooth commu-
nication to the PC running the ROS master. The spatial data
of locations in the AR environment is then mapped into
corresponding locations of an a priori occupancy grid map
(OGM) of the environment and stored in a database. The
stored spatial data is retrieved later for instructing the robot
to perform a specific task at the user-specified location. The
following subsection describes the details of the AR-SRS
framework and its integration with a ROS-enabled mobile
robot. Moreover, the implementation of an Alexa speech
module to assign tasks to the robot by enunciating one or
more stored semantic labels is described.

A. AR spatial referencing system

The AR-SRS enables the user to mark and store infor-
mation concerning any indoor or outdoor real-world spatial
surface location by creating a virtual object at that location.
The spatial data of a virtual object in the AR scene is trans-
formed into the corresponding real-world location coordinate
M(X,Y ) of a 2D static OGM. The location coordinates and
associated label (‘label’ : [X,Y ]) are stored in a database.
A shared frame of reference is used to make correspondence
between the AR environment and the OGM. We developed
three different approaches to transform the virtual object’s
spatial data to the corresponding real-world coordinates of
the OGM.

Approach 1: Image marker as the shared frame of ref-
erence This approach utilizes a 2D image marker (fiducial
marker) at a known location on the map as a reference
frame shared by both the OGM and AR-based simultaneous
localization and mapping (SLAM), as shown in Fig. 4. The
AR application creates an image anchor at the detected image
marker location. This image anchor is tracked and used for

Fig. 4: Approach 1: Image marker as the shared frame of
reference. The fixed marker frame links the virtual object
location to its actual real-world coordinate on the map.

localizing the AR device (a smartphone) within the robot’s
map as the user moves with the phone on the mapped
area. A spatial location is marked by the user creating a
labeled virtual object as shown in Fig. 3. The location
of the virtual object in the OGM is computed using the
known pose of the image marker and the pose of the phone
relative to the image marker. To do so, initially, the global
pose of the newly created virtual object (globalPobject) is
converted into the marker’s coordinate frame (Fmarker) and
then into the robot map’s coordinate frame (Fmap) by a
set of transformations. This approach is adopted from our
previous work with manipulator robots and detailed steps of
transformations are similar to those available in [20]. The
accuracy of the estimated virtual object poses in the OGM
is primarily dependent on the accuracy of the AR system to
track fiducial marker anchor and virtual objects.

Approach 2: Instantaneous pose of phone as the shared
frame of reference In this approach, instantaneous pose of the
phone is used to estimate the virtual object location on the
map of the area (OGM). The phone is mounted on the robot
with a fixed frame of reference in the robot’s coordinate
system in ROS (see Fig. 2b). The robot is localized on
the map using adaptive Monte Carlo localization (AMCL),
and the pose of the phone relative to the map is calculated
based on the robot’s pose. The transformation between map
and phone frame is provided by the tf messages published
by ROS. The phone frame, which is shared by both the
robot and AR scene (see Fig. 5), is used to estimate the
corresponding location of virtual objects in the OGM. The
real-world location of the phone where the AR application
is launched serves as the global coordinate frame of the
phone in the AR scene. The AR application determines the
pose of virtual objects based on this global frame of the
phone. For computing the virtual object location relative to
the robot’s map, first the virtual object location in the global
frame (globalPobject) needs to be transformed into the phone’s
current frame (pcPobject). Next, the location of virtual object
measured in the phone’s coordinate frame in AR system
(Fphone(AR)) needs to be converted to phone’s coordinate
frame in the robot system (Fphone(robot)). Finally, the ab-
solute location of virtual object on the map (mapPobject) is
calculated by transforming the virtual object location in the
phone’s coordinate frame in the robot system to the map’s
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Fig. 5: Approach 2: Current pose of phone as the shared
reference frame. The phone is mounted on the robot and
its instantaneous coordinate frame links the virtual object
location to its actual real-world coordinate on the map.

coordinate frame. The detailed steps are given below and the
transformations in the AR system are shown in pink color
and in robot system as dotted lines in Fig. 5.
Step 1: Compute the virtual object location in the phone’s
current coordinate frame in the AR system

(pcPobject)AR =
(
globalTpc

) (
globalPobject

)
. (1)

Step 2: Transform the virtual object in the current left-handed
coordinate system (LHS) of phone in the AR system to that
of the right-handed coordinate system (RHS) of phone in the
robot system.

Q = (RX(90
◦)) (pcPobject)AR , (2)

(pcPobject)robot = EQ, (3)

where RX denotes the rotation matrix corresponding to a
rotation about the X-axis and E is the elementary row
operator to swap the coordinate axis for LHS to RHS

coordinate transformation given by E =

1 0 0
0 0 1
0 1 0

.

Step 3: Compute the virtual object location in the robot’s
map frame

mapPobject = (mapTpc) (
pcPobject)robot . (4)

For this approach, the phone is to be always mounted on
the robot to track its instantaneous location on a previously
mapped area, hence it is suitable for a system that is to be
operated remotely. The user can operate the robot from the
remote PC (or a second phone) by keyboard control and the
phone mounted on the robot is mirrored and seen (controlled)
from the remote desktop PC (or the second phone). To mark
a physical location, the user needs to move the robot close to
that location so that the desired spot is visible on the phone
screen.

Approach 3: Initial pose of phone as the shared frame of
reference In this approach, the initial pose of the phone is
utilized as the shared frame of reference between the AR and
robot systems to estimate the corresponding coordinates of
the virtual object on the map (OGM). As in Approach 2, the
robot is localized on the mapped area, and the pose of the
phone on the map is computed based on the robot’s pose. The

Fig. 6: Approach 3: Initial pose of phone as the shared frame
of reference. With the phone mounted on the robot, when
the AR application starts, the global (initial pose) frame of
phone links the virtual object location to its actual real-world
coordinate on the map.

phone is initially (when the AR application starts) mounted
on the robot with a fixed frame of reference in the robot’s
coordinate system. The global axis in the AR scene is the
real-world location of the phone where the AR application
starts. In other words, the location of the virtual object in
global axis (globalPobject) is same as that in the phone’s initial
coordinate frame (piPobject), i.e., globalPobject = piPobject

(see Fig. 6). Once the AR application starts, the user can
take off the mounted phone from the robot and walk around
the area to mark any locations by creating virtual objects.
The global pose of the virtual object is transformed into
the map’s coordinate frame through a set of transformations
given below.
Step 1: Transform the global pose of virtual object in the
AR system (piPobject)AR to the initial pose of phone in the
robot system (piPobject)robot as in (2).
Step 2: Compute the virtual object location in the map’s
frame

mapPobject = (mapTpi)(
piPobject)robot. (5)

In this approach, after initially localizing the phone on the
mapped area, phone is removed from the robot and the user
can carry it around. Thus, the user gets a direct view of the
scene while operating the AR application. Moreover, unlike
in approach 2, the user doesn’t require to move the robot
with the mounted phone to create virtual objects.

B. ROS implementation
The mobile robot used for this work is a ROS-enabled

TurtleBot3.3 The workspace of the robot is mapped and a 2D
OGM is created with gmapping algorithm using odometry
and the on-board laser scan data [23]. The robot is localized
using the AMCL approach, which uses a particle filter to
track the pose of the robot against the OGM [24]. The
remote ROS system receives the spatial semantic data of
the virtual object using a serial node, performs necessary
computations for transformations indicated previously, and
stores the results as coordinates of the OGM. An Alexa
voice module is integrated in the AR-SRS for instructing

3http://emanual.robotis.com/docs/en/platform/turtlebot3/overview/
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(a) (b)
Fig. 7: Screen-shot of AR application: (a) robot navigates
through a predefined virtual path and (b) the pose of robot
at goal location is defined with a manipulable virtual object
with direction arrows
the robot to perform a task at a stored spatial location by
specifying the associated semantic label. The corresponding
spatial information is retrieved and sent as a goal location on
the map for executing the user-specified task at that location.

Alexa integration Amazon Alexa4 voice service was uti-
lized to send labeled spatial information to the Turtlebot3.
With Amazon Web Services, a custom skill is developed to
send instructions to the remote PC running the ROS master.
The skill is activated by setting the invocation name as AR
Robot. The user activates Alexa’s function by saying “Alexa,
open AR Robot.” After the skill is launched, the user gives
instructions to the TurtleBot3. For example, the user says
“Go to Room 101.” The words following the Go to are
extracted as keywords and sent to the ROS master along
with the specific skill word. A ROS node subscribes to
the keywords sent by Alexa and retrieves the corresponding
spatial information stored with the same keyword.

C. Possible Use-Cases

Predefined navigation path: In some domestic and ware-
house situations, an autonomous mobile robot may be re-
quired to follow a predefined path to avoid any unexpected
collisions as well as to provide safety and comfort to the peo-
ple in the surrounding environment. Using the proposed AR-
SRS, a virtual path can be quickly created in any dynamic
environment. For example, construction sites continually
change with project progress, and any newly introduced
barriers in the robot path can be circumvented using this
method. To construct a predefined navigation route, we have
developed an AR application that creates a virtual path with
via-points, as shown in Fig. 7a. A specialized manipulable
virtual object marks the goal location that defines the ori-
entation of the robot at the destination. Two yellow buttons
(	 and �) are provided in the AR application to modify the
orientation of the goal object (see Fig. 7b).

4https://developer.amazon.com/en-US/alexa

Fig. 8: Screen-shot of AR application: Room locations are
marked by virtual objects with corresponding labels

Labeled goal locations: Users may find it convenient
to communicate with a robot about a desired location by
enunciating the location name. With the proposed AR-SRS,
any location can be explicitly marked and labeled. For
example, a delivery robot in an office environment can be
instructed to go to a particular room by saying the room
number. Any number of room locations and their names
can be defined using the proposed approach, as shown in
Fig. 8. Moreover, such an approach can be useful in home
environments where the user can teach a service robot about
various task locations by marking them with unique virtual
object labels. The labeled location can be a safe zone for
the robot that can be easily accessed through commands.
Moreover, a prohibited area can be marked by creating
boundaries with virtual objects to inform the robot to avoid
that area.

III. SYSTEM EVALUATION AND DISCUSSION

A. Experiment setup

Experiments were conducted to evaluate the performance
of the AR-SRS by creating and estimating spatial locations
with each approach. Two random locations were selected and
marked on the ground as reference points P1 and P2. The
coordinates of P1 = (−0.3m, 0.3m) and P2(0.9m,−0.1m)
were determined based on the ground truth location of the
map (OGM) coordinate axis. The true location of the map
origin is determined based on the odometry axis of the robot
at the beginning of gmapping. We conducted 30 trials at
each reference point by a single user with variations for
each approach to evaluate the accuracy and repeatability of
the system. In Approach 1 (A1) that relies on a marker, a
13.2cm × 13.2cm fiducial marker was affixed at a known
location (at coordinate (0,0) for the experiment) in the map’s
coordinate frame. The user created labeled virtual objects at
locations (P1 and P2), standing in different positions, with
the desired location clearly visible and in close proximity of
the phone, within one meter [22]. In Approach 2 (A2) that
uses the shared instantaneous pose of the phone, the user
created a virtual object at P1 (and P2) from different poses
of the robot with the mounted phone. In Approach 3 (A3)
that uses shared initial pose of the robot, the AR application
was initialized by keeping the robot at a fixed pose. The
user then walked around the mapped area with the phone to
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TABLE I: Performance test results
A1 A2 A3

P 1(X,Y) (m) (−0.298± 0.010, 0.290± 0.013) (−0.306± 0.007, 0.303± 0.013) (−0.311± 0.003, 0.282± 0.003)
P 2(X,Y) (m) (0.900± 0.011,−0.102± 0.010) (0.916± 0.028,−0.081± 0.014) (0.890± 0.011,−0.078± 0.006)
Accuracy (%) 2.54 3.62 3.92

Repeatability (CV %) 2.26 2.64 1.02

create virtual objects at P1 (and P2) from different standing
positions. The experiment was repeated with different initial
poses of the robot with the mounted phone.
B. Results

The performance of the AR-SRS is examined by evaluat-
ing the accuracy and repeatability of each approach. The ac-
curacy of each approach is determined by utilizing the mea-
surements of virtual points created by the user corresponding
to the intended reference points P1 and P2. We normalize the
user-specified virtual points corresponding to P1 (and P2)
with the distance of the corresponding reference point P1

(and P2) from the map origin to report the accuracy of each
approach (i.e., we transform all measurements to correspond
to the unit displacement of reference points). The mean (µ)
and standard deviation (σ) of measured values corresponding
to P1 and P2 are provided in Table I. The accuracy test
is performed in accordance with ISO 9283 standard [25].
The accuracy is reported as the percent deviation from the
reference point values. It is seen that A1 yields slightly better
accuracy with a < 3% deviation compared to A2 and A3 with
a < 4% deviation. This indicates that the phone localization
is slightly better with the marker-based approach compared
to the other two approaches. These results indicate that the
accuracy of the AR-SRS to specify a location is comparable
to or better than that reported by some prior gesture pointing
approaches [3], [6].

While mean and standard deviation are dependent on the
actual quantities being measured, to holistically determine
the repeatability of the three approaches we compute the
percentage coefficient of variation: a unit-less quantity as
given below. In Table I, the repeatability of each approach is
expressed as the percentage coefficient of variation (CV ,
σN
µN
× 100%) of the normalized Euclidean distance computed

for each measured point from the map origin (µN and
σN denote the mean and standard deviation of normalized
measurements corresponding to P1 and P2).

C. Discussion
There are different sources of errors affected by the estima-

tion of virtual points at a desired real-world location, such
as operator error (error in placing virtual object), tracking
error of AR system (motion tracking and anchor tracking),
and localization error of robot (induced by AMCL). In A1,
the localization of the phone on the mapped area mainly
depends on the accuracy of the AR device. However, in
A2 and A3, the accuracy of the localization of the phone
depends on the robot’s localization accuracy. As indicated
above, since the AMCL offers a limited pose accuracy it
leads to the propagation of error in localizing the robot, as
it moves away from its initial pose, and thus causing the
build-up in the phone localization error. To reduce the effect

of this cumulative error, we positioned and initialized the
robot for every repetition of the experiment with a new robot
pose for approaches A2 and A3. Alternative approaches for
reducing the localization error resulting from AMCL can
further improve the accuracy [26].

Fig. 9 provides the scatter plots showing the spread of
estimated virtual locations defined by each approach at P1

and P2. It is observed that the virtual locations defined by A2
are scattered more compared to A1 and A3. Moreover, the
relatively low values of CV reported by A1 and A3 indicate
that these two approaches offer better repeatability compared
to A2 (See Table I). For A1 and A3, users hold the phone
and get a direct view of the physical space that helps them
to select the locations with better precision.

Among the three approaches, A1 provides better accuracy
but it has an additional requirement of affixing a marker
at a known location on the mapped area. Moreover, spatial
referencing operation under A1 does not require a robot
system with a mounted phone. Though A2 offers slightly
less performance, it supports remote operation that is useful
for remote applications. A3 eliminates the requirement of
marker calibration step as in A1 and offers a direct view of
the environment, but requires the robot localization step. Any
of the three approaches can be implemented for a situation
by considering the above factors.

The differences in mode of operation and calibration
requirements make the three SRS approaches suitable for
different application contexts. For instance, A1 supports
direct user interactions on the AR device and doesn’t require
a robot during spatial referencing that makes it suitable for
off-line operations. For example, A1 is an excellent choice to
prepare a semantic map of an environment (as shown in Fig.
8) before deploying a robot there. Alternatively, for A2, the
device needs to be mounted on the robot to perform spatial
referencing, which makes it useful only for teleoperation.
Hence, this can be beneficial in scenarios where robots need
real-time assistance in acquiring spatial data. For example,
when a user wants a robot to retrieve a newly placed object
from a room; the robot can be directed to that room and the
object’s location (assuming that the object lies on a surface
plane) can be referred precisely by creating a virtual object
over the real-object location. Similarly, A3 supports some
characteristics of A1 (direct interaction on the device) and
A2 (necessity of a robot for calibration); hence it is more
suitable for providing just-in-time spatial information. For
instance, A3 can be utilized for a vacuum cleaner robot to
specify locations that require extra cleaning or to prioritize
the cleaning areas just before setting a cleaning operation.
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Fig. 9: Scatter plot of virtual point locations: At reference P1 (left) and at reference P2 (right)
IV. CONCLUSION AND FUTURE WORK

We developed an interactive spatial referencing system to
specify physical surface locations for allocating specific tasks
for a mobile robot. With the proposed AR-SRS, users can
flexibly define any location in the environment by creating
and labeling a virtual object. We presented three approaches
to transform the virtual object location to a corresponding
location on a robot’s map. The first method utilizes a known
fiducial marker to localize the AR device, while the other
two approaches are based on localization of the robot. The
AR-SRS yields excellent accuracy with a < 4% deviation as
well as high repeatability with a < 3% variation. We offered
two use-case scenarios of the AR-SRS for a mobile robot. In
future work, we will investigate potential applications of the
AR-SRS by considering various requirements in a practical
working environment of a service robot. We will also assess
user perspectives by conducting qualitative user studies.
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