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Remote Operations and Streamlining Communication in Mars Analog
Missions: Robot-Agnostic Augmented Interface for Live Annotations
During Teleoperated Exploration Tasks

Rute Luz!?, Gongalo Coelho’, Mariana Campos'-3, Rui Abrantes', Ricardo Querido!,
Margarida Pereiral, Inés Sousal, Jéssica Corujeira1’3, José Luis Silva®4, Rodrigo Ventura!

Abstract— Human space exploration typically requires con-
siderable teamwork involving multiple disciplines in science
and engineering. Effective and efficient field systems and
information flow with the support teams are paramount for
success, particularly in crewed missions such as the upcoming
Artemis mission (Moon) and planned Mars missions. Effective
human-robotic teams will be crucial in such scenarios to allow
humans to extend their capabilities to previously unreachable
or unsafe regions through teleoperation. In this paper, we make
a technological description of a new teleoperation interface for
such planetary exploration, addressing the challenges of field
rover teleoperation and ensuring a streamlined information flow
between the field and support teams within the AMADEE-24
Mars analog mission (March 2024). In particular, our interface
(MEROP) is used by the astronauts inside the habitat and
features (1) visually augmented mission goals (regions of interest
and safe paths) provided by the MSC before each task, (2) live
geo-referenced annotation and automated output for the MSC
(3) situational awareness displays and widgets, and (4) direct
and semi-autonomous robot control methods. Furthermore, we
describe the system architecture that allowed the integration of
our interface with a mission rover (Mercator), whose develop-
ment is entirely independent of our team. Finally, we present
the user feedback from the analog astronauts acquired during
preparations for the upcoming AMADEE mission.

I. INTRODUCTION
A. Context

In the realm of tasks performed via remote robot tele-
operation, effective communication and collaboration be-
tween (non-scientific) operators in the field and the mission
support centre (MSC) are critical to ensure the maximum
scientific outcome. However, current conventional commu-
nication methods, reliant on post-task analysis or chat-based
exchanges between the field and the mission support centre,
pose significant challenges regarding complexity [1], [2].
Insights provided by astronauts or operators during mission
runs are often lost (e.g., they usually only remember the
last moments of the run), exacerbating the difficulty of
integrating field knowledge into the flight plan within the
exploration context.

This paper introduces a streamlined teleoperation system
architecture to improve communication and annotation in
exploration missions. The system enables the integration of
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Fig. 1: MEROP teleoperation hardware used by the analog
astronauts during the AMADEE-20 mission and the upcom-
ing AMADEE-24 mission.

mission goals from the MSC and live annotations on the
image and map from operators (i.e., analog astronauts during
AMADEE-24). These goals (i.e., augmented regions/points
of interest for exploration and safe roads for navigation)
improve task performance by aiding exploration. In addition,
the system automatically extracts information from experi-
mental runs, providing valuable data such as rover trajectory
and signal strength information along the trajectory. By
outputting this information in a standardized Geographic
Information System (GIS) format supported by the MSC, the
system ensures compatibility with widely used Earth-based
tools, facilitating integration into existing workflows.

Moreover, there is a need to ensure a reliable and effective
remote operation of the rover, as communication latency
and losses are common challenges [3], [5]. Also, operators
have poor situation awareness (SA) due to loss of perceptual
information, which can lead to mission-ending situations [4],
[5]. Thus, the MEROP system aims to address the challenges
of communication latency by providing two modes of control
(direct and semi-autonomous) and a reliable communication
protocol. It also provides operators with augmented informa-
tion and haptic feedback to improve operator SA.

While initially developed for AMADEE missions, the
proposed teleoperation system has broader applicability. It
can be adapted to other fields where non-scientific operators
contribute valuable insights or expert users annotate infor-
mation for public consumption post-run. Examples include
underwater exploration, where tagging interesting reefs for
post-task visualization can benefit from this approach.



Fig. 2: The Mercator rover from TU Graz and the mission
habitat (background) of AMADEE-20. (Image Credits: Flo-
rian Voggeneder from OWF)
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Fig. 3: Analog Astronaut inside the Mars Habitat teleoper-
ating the Mercator Rover with the MEROP OCU during the
AMADEE-20 mission.

B. AMADEE-24 Mars Analog Mission

The AMADEE-24E| Mars analog mission is organized
by the Osterreichisches Weltraum Forunf| (OWF). It will
be hosted in Armenia in partnership with the Armenia
Aerospace Agencyﬂ from March 7th to April 5th of 2024. It
is an analog expedition to a Martian-like terrestrial surface
to develop exploration mission architectures and prepare for
future Mars missions.

This mission comprises several multidisciplinary teams
(e.g. Flight Planning, Remote Science Support, Medical
teams, etc.) at the Mission Support Center (MSC) in Austria.
These teams need constant information from the field (test
site) to understand how the mission and experiments are
going and monitor the analog astronauts (AAs). To simulate
the communication delay between Earth and Mars, there is a
constant communication time delay of 10 minutes between
the MSC and the Habitat (field).

During the mission, six highly trained analog astronauts,
live isolated inside the Habitat (the analog mars outpost), see
Fig. [2] which they can only exit by going on extra-vehicular
activities (EVAs) using an analog spacesuit. These EVAs are
resource and time intensive since the donning and doffing,
take at least two hours and a half and require the six AAs.
The EVA is then executed by two AAs, with at least three
on the communication systems and health monitor consoles.
As such the use of teleoperated rovers (Fig. [3) for initial
exploration tasks reduces the high demands on AAs and
mission time, compared to an EVA.

Ihttps://oewf.org/en/amadee-24/, accessed on 05/02/2024
Zhttps://ocewf.org/en/, accessed on 05/02/2024
3https://armenianasa.net/, accessed on 05/02/2024
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Fig. 4: Modules of the MEROP teleoperation system: (1)
onboard components ensure navigation, status feedback and
remote communication; (2) interface components integrate
MSC data, annotations, rover control, and haptic feedback.
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C. Main Contributions

This paper presents the MEROP (More Effective Remote
OPerations) teleoperation system comprising an Operator
Control Unit (in-house build hardware and graphical user
interface) for the AAs and the onboard software deployed
in the mission rover. The implemented modules and user
experience design were iterated based on lessons learned
during AMADEE-20 [6] and valuable feedback from AAs
(operators) during the two mission dress rehearsals. The
contributions of the presented work are the following:

1) A robot agnostic teleoperation system - the teleop-
eration system can be used with mobile robots with
different characteristics;

2) A system architecture that allows low latency, reliable
and resilient communication protocol between operator
control unit and robot;

3) System output of geo-referenced annotations and map-
ping of Wi-Fi signal strength to GIS map layers;

4) Avatar-based teleoperation - a semi-autonomous tele-
operation approach to lower operator’s workload;

5) Augmented reality (AR) representation of obstacle
distance, regions and points of interest, and safe paths
that display the mission goals.

Finally, the MEROP system has been tested and de-
ployed in two mobile robots with different characteristics. A
Pioneer-3AT-based robot is used in-house for system valida-
tion, and the Mercator rover is taking part in AMADEE-24.
However, the proposed system is not tailored to any specific
robot and provides an agnostic approach that can be deployed
in various robots.

II. SYSTEM DESCRIPTION

A. System Architecture

The MEROP system architecture, represented in Fig. ﬂ
comprises two main components: First, the MEROP interface
(Figs. 3} [7I8] and [T), used by the AAs inside the habitat,
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allows to remotely control the rover while providing rover-
related information (e.g., localization, signal data, operation
mode) and augmenting mission-related goals in the video
stream (e.g., paths and regions of interest). Second, the
MEROP onboard software system is deployed on the rover,
creating a bridge between a generic rover and the MEROP
teleoperation interface. This one subscribes to the rover sen-
sor data, does the onboard processing of the rover and system
status (e.g. traction and signal strength), and computes the
motion commands depending on the selected operation mode
(direct or semi-autonomous)

This system architecture was designed to comply with
a series of assumptions regarding the rovers: (1) we are
operating a rover in which we should not change the system
or make only minimal changes, i.e. install new hardware or
software dependencies; (2) deployment and integration of the
system with a new robot are typically limited to a couple of
days; (3) most common robotics platforms in the community
still resort to ROS 1; and (4) the rover can receive low-level
motion commands and provide standard outdoor sensor data,
i.e., camera image, geo-localization and heading, IMU data,
wheel odometry, and lidar or point cloud data.

The resulting system design follows a modular approach
that isolates the MEROP onboard system within a Docker
container, interacts with the ROS 1 system of the rover
(section [[I-F)) and resorts to ROS 2 for robust communication
protocols (section [I-G). On the habitat, the MEROP system
resorts to Unity, ROS2 and ArcGIS third-party packages for
the UI displays (section [[I-B) and augmented reality features
(sections and [[I-C).

B. MEROP Teleoperation Interface

The teleoperation User Interface (UI) was developed in
Unity and its functionalities and layout iterated based on
lessons learned from AMADEE-20 and AMADEE-24 dress
rehearsals.

The teleoperation User Interface (UI) was developed in
Unity, and its functionalities and layout were iterated based
on lessons learned from AMADEE-20 and AMADEE-24
dress rehearsals. The final UI layout, shown in Fig. [
emphasizes the video feed and uses the peripheral areas for
other displays. We iterate the position] and type of the dis-
plays to facilitate the interpretation of the system status and
reduce adaption, training time, and mental effort to interact
with different Ul features. As such, we created the bottom
area of system status, inspired by the commonly recognized
Windows bar and widgets, and mapped the joystick buttons
(input method) directly to the position of the interactive
features of the UI (see Fig. |§|) For example, to switch the
operation mode, the operator clicks on the top-right button of
the joystick and sees the result of that action on the top-right
of the screen. Finally, the UI displays and functionalities are
listed and described below:

1) Main Camera View: Video stream from the rover’s
main camera, by default a front facing camera.

2) Secondary Camera View: Video stream from a sec-
ondary camera, usually a back facing camera, with a

Record Data

Analog Astronaut #

Fig. 5: Teleoperation interface layout: 1-Main Camera; 2-
Secondary Camera; 3-Map; 4-Proximity Display; 5-Rover
Status Indicator; 6-Operation Mode; 8-Recording Menu and
Indicator; 9-Notification messages; 10-Information tab.

smaller size compared to the main camera. Pressing the
top-left button swaps the main and secondary cameras
views.

3) Map: Displays the a top-view of the area using a ego-
referenced configuration centered in the rover’s posi-
tion and oriented towards North. ROIs, safe paths and
geo-tagged annotations as shown in Fig. [8] Pressing
and holding the bottom-left button maximizes the map,
providing a wider view of the area and ROIs. The map
is created through the ArcGIS package which allows
to integrate image and elevation data of the surface.

4) Proximity display: AR display regarding nearby ob-
stacles displayed in both main and secondary views
covering a total of 360-degree field of view (180-
degree in each view). The display is nearly transparent
during nominal situations and displays different sizes
and colors (yellow to red) depending on the proximity
and position of the obstacle (see Fig. [7).

5) Rover status indicators: Two icons indicating the
rover’s battery status and onboard signal strength.

6) Operation mode: Display of the currently active
operation mode: direct control or the avatar-based
operation, shown in Fig. [TT] and described in section
[I-F Pressing the top-right button switches the mode.

7) Annotation menu: Radial menu overlaid in the center
of the interface (see Fig[8) which allows the operator
to make geo-tagged image and text annotations (see
Fig. [8). Pressing the bottom-right button enables and
disables the menu and the way hat switch selects the
annotation type (see Fig. [6).

8) Recording menu and indicator: Menu window ap-
pears on start-up and triggers the onboard telemetry
recording. When the operator presses “start recording”,
the REC widget toggles to green. The recording is
stopped by clicking the REC toggle widget.

9) Notification messages: temporary pop-up messages,
warnings, and connectivity confirmations.

10) Information Tab: pop-up informational window with
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Fig. 6: Joystick mapping.  Fig. 7: Proximity display.
the joystick controls and button mapping schematic
(Fig. [6). The schematic is overlaid on the image and
removed by clicking the “(i)” widget.

C. Augmented Regions of Interest and Safe Paths

As part of the mission goals, the MSC defines a series
of Regions of Interest (ROIs) that the AAs should explore
during the experimental run. The communication approach
during AMADEE-20 was chat-based interfaces and drawings
on a map. However, this often leads to miscommunications
or difficulty integrating the information during the run. To
streamline the communication between the MSC and the
field crew regarding these mission goals, the MEROP UI
uses augmented reality to display this information. Thus,
facilitating the visualization and integration of the mission
goals within the remote exploration.

The MSC transfers GIS shape files to the habitat (Mars)
before the experimental run. These are input for the AR
displays (see Fig. [8) of the MEROP UI and define ROIs
and safe paths. The AR computation resorts to the ArcGIS
package for Unity to place these geo-referenced GIS data on
a virtual surface, which contains both imagery and elevation
information. We can generate an AR overlay superimposed
on the video feed by combining this process with Unity
virtual cameras and the rover telemetry (latitude, longitude,
heading and camera orientation). Finally, for better situa-
tional awareness, the AR is displayed on both front and back-
facing views (see Fig. [8).

D. Augmented Geo-Tagged Annotations

The debriefing process is the second challenge in effective
communication between support and field teams. This is the
process where the astronauts report the relevant findings and
challenges of the experimental run back to MSC. However,
since this is only performed at the end of the run, AAs
tend only to remember events that occur near the end or
forget to report back due to their busy schedule and high
workload. Moreover, even when they reported back to MSC,
the communication channel was a chat interface, which was
insufficient to encompass the knowledge acquired during the
run. As a result, during AMADEE-20, the identified Points
of Interest were not considered in subsequent flight plans.

To streamline the task debriefing and integration of field
knowledge into the flight plans, the MEROP UI allows the
operator to make geo-localized photo and text annotations
during the run (radial menu in Fig. [§). New annotations

FRONT Camera

Fig. 8: Interface with augmented ROIs and safe paths, from
the MSC, annotation radial menu, an augmented geo-tagged
annotations from the operator.

are visually confirmed with a new augmented beacon on
the current rover position with the corresponding icon (see
Fig. |E_§|).Moreover, in addition to the manual annotations
made by the AAs, the Ul automatically generates GIS layers
containing rover trajectory and signal strength along the run.

To integrate geographical annotations in Unity and export
a comprehensive GIS project, we developed an integration
scheme that connects Unity to QGIS. This required integrat-
ing data and functionalities from ROS2, Python, Pipes and
XML projects as represented in Fig.[10[and described below:

1) Unity Interface with ROS Subscriptions: A C#
file embedded in the Unity Interface to interact with
ROS 2 topic data, particularly GPS data for the geo
referencing.

2) Annotation Trigger in Unity: User interaction triggers
the initiation of an annotation, which prompts the
transmission of the GPS coordinates and the annota-
tion’s content via Pipes to a specified Python script.
For text annotations, the written text is sent via pipes,
and for photo annotations, the integration includes
capturing a screenshot from the main view, stored in

Fig. 9: Example of GIS Project visualisation: manual anno-
tations of text and photo and automatic trajectory (points)
and signal strength (gradient) layers.

)

Fig. 10: Scheme of the annotations pipeline: ROS based
telemetry and geo-annotations are integrated in a GIS project.




a predefined path and sent via pipes.

3) Python Processing Module: The Python script re-
ceives the data through Pipes. This data is input to gen-
erate the GIS project programmatically with annotated
layers. This step involves leveraging the XML script
of a base GIS project. The Python script dynamically
adds additional XML code to this base, facilitating the
creation of the final GIS Project.

The automatic output of the exploration run from the
MEROP UI is a GIS Project containing several telemetry
and annotation GIS layers (see Fig. [9). Finally, in order to
generate a self-contained compressed file that can be sent to
the MSC overnight, the AAs resort to QGISﬂ to export the
generated project.

E. Operation Modes

To control the rover, our system allows the operator to
easily switch (one button click) between two types of oper-
ational strategies: (1) direct control, where joystick motions
map directly to the rover’s motion (see Fig. [6), and (2) an
avatar-based approach [9], where the joystick motions map
into the motion of an augmented avatar (see Fig. [TT). This
augmented avatar represents a high-level navigational, i.e.,
the position and orientation we want the robot to reach.

Our previous research shows that implementing a hybrid
operational approach allows the operator to adapt to different
situations, tasks and environments [9]. Moreover, previous
work [11] showed that operators using autonomous or semi-
autonomous approaches often request low-level approaches
(direct control) to handle situations where autonomy fails.
Thus, we integrated both operational strategies into the
MEROP system. Finally, to achieve this hybrid system, our
onboard system integrates several modules to allow direct
control, avatar-based navigation (autonomous navigation)
and switching functionalities (multiplexer-based pipeline).

F. Avatar-Aided Teleoperation

When in avatar mode, the operator controls and sees
augmented on the image a visually similar representation
of the rover, i.e., avatar. This one represents the navigation
goal and enhances awareness of the robot’s proportions in the
remote environment. By design, unlike typical discrete way-
point navigation, the avatar moves continuously to provide an
engaging experience, close to a direct operation, maintaining
the input device (joystick) while ensuring a low workload.
During this operation, the rover onboard modules constantly
compute and execute a way to reach this dynamic goal.

Similar to the other AR elements of the U, the avatar
resorts to ArcGIS integration within Unity to provide its loca-
tion (latitude and longitude) and orientation (north heading).
This one is then sent to the MEROP onboard system and
integrated into the semi-autonomous modules, namely:

1) Rover and Avatar Localization: We resort to their
geo-localization (latitude and longitude) for rover and
avatar localization. However, we need to project this

dhttps://qgis.org/en/site/, accessed on 17/02/2024
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Fig. 11: Interface with augmented avatar, particular case of
operation of the Mercator rover.

data in a Cartesian referential to plan a path and
consequent motions to reach the avatar. We adopted
the UTM (Universal Transverse Mercator) coordinate
system to project our geo-localization data here. Thus,
the rover and avatar localization are projected in a
UTM-based referential with the origin near the habitat.

2) Path Planning and Robot Control: The MEROP
onboard system implemented a Model Predictive Con-
trol (MPC). This one considers a dynamic model, a
cost function for the trajectories, and certain limits on
the trajectories (constraints) [10] to compute the path
and velocities to reach the avatar goal. We adopted
this greedy planning approach because it does not
require a known costmap of the remote environment
and resorts to a generic model description, requiring
minimal adjustments. Thus, aligning with our agnostic
approach.

The implemented MPC approach approximates the op-
timal control problem by an optimization problem over a
sliding window, that minimizes a cost function, I(x,u),
subject to several constraints Eq. [I]

N
arg m&n Zl(azk,uk)

n=0
s.t. xp = f(xk_l,uk) (1)
z(0) = g

up €U, kE[O,N]
xp € X, kel0,N+1]

where f denotes the discrete time system dynamics, U the
actuation feasible set, and X the feasible state space. For
each At, the MPC solves the problem N times consecutively,
in which N is the dimension of the predictive window, hence
the predictive factor. The first control given by the predictive
window is the control that will be given to the robot.
The system used in the MPC follows the well known
differential drive kinematics:
v
o] @

cos(p) 0
fxr—1,v,w) = a1 + At- [sin(p) 0
0 1
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where xj, is the Cartesian position vector at the present time,
x—1 is the last position vector measured. Linear velocity is
represented by v and angular velocity is represented by w,
which are the control variables for this model, and ¢ is the
variation angle between the orientation on time k and k£ — 1.

The cost function, which encodes the goal of the con-
troller, considered is {(z,u) = \xf:vg% + |u|%. The variable
2 corresponds to the position of the robot, x, is the position
of the desired goal and w is the control variables, linear and
angular velocity. For the MEROP system, the cost function
corresponds to the distance between the actual position and
goal position and power of the control variables. Through
iterative tuning, the following gains were chosen:

1 0 0
Q=101 0 R= {055 025} 3)
0 0 0.005 '

The MPC problem is solved iteratively in real time, using
an interior point method optimization solver: the IPOPT
implementation in the casadi library. For the system to be
as robot-agnostic as possible, the MPC uses a short window,
N = 100, considering a At = 0.1, because of the system
frequency, 10H z. These parameters took into account the
CPU usage, which needs to be as low as possible. For the
computers tested on, CPU usage was not a problem for MPC.

G. Remote Communication

After assessing the communication challenges from
AMADEE-20 and recognizing the limitations of relying
solely on TCP for communication (ROS 1), we transitioned
to a UDP-based system to enhance real-time responsiveness,
accepting occasional message loss. This shift was enabled
by using ROS2 for the telemetry stream bridgeE] between
the rover and the remote teleoperation interface. ROS2 uses
DDS as its middleware, designed to be transport-agnostic
and allows users to configure QoS settings. We selected the
“Sensor data” QoS profile to optimise for our requirements,
prioritizing best-effort reliability and a smaller queue size. As
a result, considering these configurations and utilizing the
default JPEG compression algorithm of ROS2, the system
ensures video streaming of two RGB images at 640x480p
resolution and 30 frames per second, with a throughput of
approximately 4 MBps.

H. MEROP Teleoperation Case

Given the isolation and limited conditions of the habitat
where the MEROP teleoperation hardware needs to be de-
ploy, we designed and built a self-contained case, shown in
Fig. [I] to transport and provide a practical hardware setup
for experimental runs. This case contains: (1) laptop with the
MEROP UI, (2) Extreme 3D Pro joystick to interact with the
UI and move the rover and avatar (3) in-house built attitude
[12] and traction [13] haptic devices, (4) video camera, to
record the experimental setup, and (5) several replacement
parts. This teleoperation case was previously deployed and
validated during the AMADEE-20 mission [6].

Shttps://github.com/ros2/rosl_bridge, accessed on

17/02/2024
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Fig. 12: Kayjay - Rover maintained by the MEROP team.

III. SYSTEM DEPLOYMENT

MEROP system was deployed on two different robots: (1)
the KayJay rover (Fig. maintained by us and served
as a validation platform for the MEROP system, and (2)
the Mercator rover (Fig. [2), taking part in the AMADEE-
24 and whose development is entirely independent of our
team. One the one hand, the KayJay rover is a low budget
robotic platform with minimal functionalities and sensors.
Thus, providing us with a scenario of limited hardware and
computational resources, which our system should be robust
to endure. On the other hand, the Mercator rover [8] is
a complex and robust mobile platform design for outdoor
navigation, but where the available time for integration time
extremely short. This system integration was limited to the
three days of the mission’s dress rehearsal (January 2024).

We resort to a configuration file that defines the rover and
environment-specific characteristics to deploy our system in
different robots. Thus making the bridge with our robot-
agnostic system. Mainly, it defines the ROS topics of the
robotic platform (camera, GNSS, IMU, lidar, etc), the nam-
ing of tf frames of different system components (e.g., camera
frames for AR elements), information about UTM zone for
the Cartesian projections, and network details (network name
and frequency for the network scanning). A 3D model of
the Mercator rover was also integrated into the UI as the
augmented avatar (Fig. [LT).

Given the implemented system architecture based on the
deployed docker container, we could set up the MEROP
onboard system in Mercator within a few hours. The re-
maining time was used to make adjustments (e.g., setting
fixed IP within the mission network), correct minor system
bugs (incorrect GNSS coordinate system NED vs ENU)
and teach the astronauts to set up and use the MEROP
system. Debugging the system was particularly challenging
due to the high number of people using the mission network
simultaneously and its limited bandwidth.

IV. DISCUSSION

The proposed robot-agnostic teleoperation system has
been successfully realized through iterative development.
The system now offers significant enhancements to address
limitations and challenges identified during AMADEE-20,
such as communication issues, SA, and efficient run debrief-
ing. The MEROP system facilitates communication between
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the Mission Support Center (MSC) and the Habitat, stream-
lining the workflow for the Flight Planning team. Moreover,
the system effectively reduces the operator’s workload while
ensuring a low latency, reliable, and resilient communication
protocol between the operator control unit and the robot. No-
tably, the proposed architecture exhibits flexibility, enabling
integration with various robots possessing diverse features.
The MEROP system holds the potential for accommodating
new robots in the future, though it is presently confined to
the following robot’s requirements: (1) ROS 1 middleware,
(2) 2 onboard cameras, (3) GPS (Global Positioning System)
receiver, (4) IMU (Inertial Measurement Unit), and (5) Lidar
or point cloud data.

Both deployed robots use wheel-based locomotion. How-
ever, we hypothesise that the system could also be advan-
tageous for other types of locomotion, e.g., legged robots
or even flying robots. In such cases, the ROIs and POIs
augmentation continue to be relevant issues, and avatar-based
navigation has also been demonstrated for drones.

Tests of the proposed system have been conducted in
controlled environments, including laboratory settings and
outdoor scenarios, as well as during both AMADEE-24
Dress Rehearsals. Apart from its technical attributes, such as
flexibility and extensibility, it necessitates evaluation from
a user-centric perspective through systematic user studies
(scheduled for execution during the upcoming AMADEE-
24 mission). These studies aim to statistically validate the
proposed system’s effectiveness for operators. However, it is
worth noting that the technological description of the devel-
oped system holds significant scientific value for analogous
projects.

V. CONCLUSIONS

This paper describes, in-depth, a robot-agnostic teleop-
eration interface for planetary rovers, integrating several
features designed to streamline communication among team
members. It includes features such as visual augmentation of
the robot video stream with mission goals, geo-referenced
shared annotations and situation awareness augmentation.
It supports both direct teleoperation and semi-autonomous
goal-based teleoperation.

At the time of writing of this paper, this interface is being
deployed to the AMADEE-24 analog mission as part of the
MEROP experiment, where analog astronauts will use it to
control the Mercator rover for exploration missions.

The augmented live annotation interface and the mission
support crew (including scientists and non-scientists) will
integrate the GIS output into the exploration cascade of the
mission. This will provide insights about the advantages of
using such a pipeline for the exploration cascade, maximize
scientific output and provide valuable information to future
system iterations.

Initial feedback from the astronauts showed that iterations
on the UI layout, button mapping and functionalities were
intuitive and quick to learn. They also reported that they
found the avatar approach promising, as they struggled with
low-level commands during AMADEE-20 due to high and

variable latency, and that they expect annotation features to
reduce their post-task workload.

The AMADEE-24 will be crucial to identifying beneficial
features and field challenges. Thus, addressing the current
limitations of the system and the combination of results from
both the user study and field mission will enable further
system improvement.
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