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ABSTRACT 

The Supervisory Control of Mars Yard Rover 

experiment (SUPVIS-M) was executed in April 2016, 

with the following main objectives: 

 Validation of crew operation of a rover in low 

light conditions 

 Validation of concepts and technologies related 

to distributed operation of a rover including 

handover of point of control 

 Metrics definition and data collection related to 

ground and orbiting crew situational awareness 

during rover operations. 

The main experiment activities and results are presented 

in this paper. 

 

1. INTRODUCTION 

1.1. The METERON Project 

In most Lunar exploration scenarios currently being 

considered, both humans and robots will be involved, 

and thus human/robotic collaboration will be required. 

The aim of METERON (Multi-purpose End-To-End 

Robotics Operations Network) is to prepare for such 

missions. The SUPVIS-M experiment focused on the 

Moon, but the results are also of relevance to missions 

to Mars and other celestial bodies. METERON has 

developed an international framework to test and 

validate end-to-end communications and robotic control 

strategies and to evaluate operational considerations. 

This includes identifying tasks that are best performed 

by humans, identifying tasks that are suited for being 

executed autonomously by the robotic systems, and 

studying what data is needed to support the monitoring 

and control of robotic assets. Further areas of interest 

include the cooperation and handovers between the 

operations teams, safe and efficient ways of operating 

the robotic assets, and handling of challenges like 

delays and outages of the communication links. The 

experiment results serve as input to the planning of 

future exploration initiatives and the design of future 

infrastructure systems that will be used for future human 

and robotic exploration missions. Since 2010 a number 

of METERON experiments involving a combination of 

human-robotic interaction and remote control of the 

robotic elements have already been performed 

(OPSCOM-1 and -2, HAPTICS-1 and -2, INTERACT, 

SUPVIS-E, and SUPVIS-M). and several are in 

preparation (HOPE, MARVIN, SUPVIS-Justin, and 

OPSCOM-3). A special focus of the METERON 

experiments lies on the involvement of astronauts 

orbiting a celestial body in controlling or supervising 

robotic assets located on the surface. The advantage of 

this scenario is that the signal latency between operator 

and asset is reduced compared to controlling rovers 

from Earth. This allows direct intervention from humans 

when needed, such as navigating in hazardous areas or 

identifying regions of scientific value. 

 

1.2. The METERON SUPVIS-M experiment 

SUPVIS-M simulated the scenario of a rover located on 

the surface of the Moon, human presence in lunar orbit, 

and operations centres distributed on ground. The 



 

European Space Agency (ESA), the UK Space Agency, 

and Airbus UK collaborated on investigating distributed 

control of a rover by utilising a simulated planetary 

environment located at the Airbus UK site in Stevenage, 

UK. As part of the experiment, ESA astronaut Timothy 

Peake took over rover control from the International 

Space Station (ISS) for two hours, and subsequently 

handed control back to the operations teams on ground. 

Experiment operations were coordinated from the 

European Space Operations Centre (ESOC) in 

Darmstadt while the Belgian User Support and 

Operations Centre (B.USOC) coordinated the ISS 

operations and served as a link to the ISS ground 

segment. 

As part of future exploration missions, robotic 

exploration will help accessing areas of high scientific 

or strategic interest, e.g., permanently shaded regions on 

the Moon that could hold water ice to support future 

human settlements, or Martian cave systems that could 

harbour traces of life away from the direct sun radiation. 

The SUPVIS-M experiment thus focused on the 

navigation in the dark in an unknown environment 

while identifying a range of emulated scientific targets 

consisting of rocks marked with ultraviolet (UV) paint. 

The use of UV markers forces the operator to use both 

the rover platform and a simulated payload (UV 

projector) to identify these targets invisible in normal 

visible light. This exercise also simulated the “need for 

speed” relevant for operating a future solar-powered 

rover in a shaded crater or cave by requiring the rover to 

exit the area within a set time.  

To ensure that the astronaut was exploring a truly 

unknown and unmapped area, he was handed control of 

the rover without any a priori knowledge of the site, 

explicit path or routing instructions. 

 

2. EXPERIMENT SETUP 

Fig. 1 shows a high-level overview of the SUPVIS-M 

experiment architecture, linking the main experiment 

sites (ESOC, B.USOC, Airbus) and showing the major 

voice and data streams. Two METERON laptops 

located on-board the ISS were running Multi-purpose 

Operations Software (MOPS), the rover control system 

used by crew to monitor and command the Bridget 

rover. MOPS commands were routed to Bridget using 

Delay/Disruption Tolerant networking (DTN), with the 

data passing through the ISS space and ground 

infrastructure to B.USOC from where it was forwarded 

to ESOC and then Airbus. Rover data (command 

verification data, telemetry and video) was routed to 

MOPS following the same path. In addition, the 

METERON Operations Environment (MOE) system 

was set up to connect to MOPS to allow rover 

commanding as well as monitoring of both MOPS and 

the rover. Additionally, status information about the 

network as well as the laptop systems was collected. 

The different systems will be described in the following 

subsections. 

 

All voice communications (blue arrows in Fig. 1) with 

crew were handled by EUROCOM, who in turn was in 

contact with B.USOC as well as the Columbus Flight 

Director. B.USOC communicated with ESOC, and 

ESOC with Airbus. In addition, all sites could monitor 

important voice loops, e.g., the space-to-ground 

communication as well as the Columbus Flight Director 

loop. Providing every ground team at least monitoring 

capabilities allowed to decrease the response time for 

questions coming from the Columbus Flight Control 

Team and the astronaut executing the experiment. 

 

 
Figure 1. Major sites involved in the SUPVIS-M 

experiment execution, and simplified overview of the 

data streams.  

 

2.1. Mission and Rover Control Systems 

The mission control system for METERON is MOE [1]. 

It was used by the ground operators in ESOC, B.USOC 

and Airbus UK during the SUPVIS-M experiment. 

MOE uses a system of systems architecture which 

allows all parties to have a complete overview of all the 

systems involved in the experiment scenario, including 

the monitoring of the Bridget rover, the monitoring of 

the health and status of the laptops installed on board 

the ISS, as well as the connection status of the DTN 

network. During the experiment, MOE allowed 

collaborative monitoring through distribution of data 

from all systems to all connected operators. The MOE 

map allowed each ground operator to follow the 

movements of the Bridget rover, including the location 

and the orientation of the rover, as well as the camera 

pointing direction. The operators could keep track of the 

targets identified by crew during the exploration of the 

cave by annotating the map in real time and distributing 

the information. MOE was also used to command the 

Bridget rover during the preparation and close-out 

phases of the SUPVIS-M experiment, in particular for 

its initial positioning before starting the crew activity, 

and then for moving the rover to its parking location at 

the end of the activity. 

 

The rover control system used by crew during the 



 

SUPVIS-M experiment for controlling Bridget was 

MOPS. Its user interface was specifically tailored to the 

ISS and was kept simple in order to make it intuitive for 

crew to get an overview over the operations. In addition 

to receiving the status of the rover (including position 

and camera heading), a basic map provided increased 

visual awareness. Marking the targets as they were 

discovered was also done using the map. Command 

buttons allowed for commanding of the different rover 

subsystems; rover driving using the keyboard arrow 

keys was also possible. On a second ISS laptop, another 

instance of MOPS was used to display the video stream 

sent from the rover to crew. Communication between 

MOPS and the rover was based on DTN. 

 

2.2. The Airbus Mars Yard and Rover Platform 

The rover itself was located at the Airbus Mars Yard, 

which is a large indoor facility that offers a mock-up of 

a Martian-like environment for testing robotic systems, 

and especially to support the ExoMars Rover GNC 

developments activities. The testing area was 

approximately 12 m x 30 m and was filled with 300 

metric tons of sand arranged in several flat areas and 

slopes. Rocks of different shape, colours and sizes were 

present in the landscape, providing both texture and 

obstacles. For the SUPVIS-M experiment, the Mars 

Yard test setup included a partition built in the middle 

of the test area with a small entrance to create a dark 

area emulating a Martian cave or a low light lunar crater 

in which the rover was to operate (see Fig. 2). Only 

low-level lighting was used in the “lit” area of the test 

area to minimise light seepage into the dark area. 

 

 
Figure 2. Bridget rover in SUPVIS-M configuration 

with UV lights switched on. 

 

The rover platform used here was the Bridget rover, an 

early ExoMars Locomotion test-bed, representative of 

the size, actuation capability and speed of a typical 

Martian rover platform. For the purpose of SUPVIS-M, 

Bridget was configured with a head comprising both 

white light and UV-light projectors as well as a 

monocular camera system. Additional white lights were 

added on the top of the rover to help the positioning 

system based on ceiling fiducial markers, to operate in 

the dark.  

 

2.3. Delay/Disruption Tolerant Networking 

The METERON infrastructure includes communication 

over the Delay/Disruption Tolerant Network (DTN). 

DTN is a computer network architecture seeking to 

address the technical issues of delayed and disrupted 

network connectivity. The objective for using DTN is to 

achieve successful data delivery, to maximize the link 

utilization and to address many specific problems of 

space communication such as high bit-error rates, 

intermittent link connectivity and long transmission 

delays. Once an application communicating over DTN 

submits data “to the network”, the protocol ensures 

automatic storage, buffering and resending of the data in 

the network chain. Information is automatically stored 

and then forwarded as soon as the next “hop” becomes 

available.  

 

The bundle protocol is the end-to-end protocol for the 

exchange of messages (bundles) in DTN, connecting 

multiple subnets into a single network. This was the 

enabler for direct, near real-time and end-to-end 

communication in METERON from the ISS Rover 

Control System to the ground rover and MOE Mission 

Control System over different heterogeneous networks. 

The bundles were sent over UDP via the Licklider 

Transmission Protocol (LTP) between ground and ISS, 

allowing for automatic bundle retransmission in order to 

re-deliver the data after communication outages.  

 

Many of the DTN features were proven and applied in 

tests leading to the experiment day and the experiment 

itself. Fig. 3 presents data from bundle pings executed 

continuously for six hours at 30-second intervals. It 

shows the bping times from ESOC to the ISS laptops as 

a function of time on the day of the crew operations. 

The Loss of Signal (LOS) periods are marked in yellow. 

Average bping round trip times (RTT) from ground to 

the ISS and back were around 900 ms for the nominal 

case.  

 

 
Figure 3. Bundle pings from ESOC to ISS representing 

the automatic (re-)transmission of data after 

communication outages. 

 



 

The bundle ping plot demonstrates that the resending 

mechanism for DTN over LTP is working as expected. 

Each bundle has a sequence number and although they 

are re-ordered after LOS periods, the complete set of 

sequence numbers was received and bping reported a 

0% packet loss, showing that no packets were lost. After 

each outage an initial burst of data can be observed 

when bpings are automatically resent on LTP level 

(indicated by increased RTT times) before resuming to 

nominal. The bundles were retransmitted after outages, 

thus ensuring the reception of all packets after 

Acquisition of Signal (AOS). Retransmission of data 

was also proven with real telecommands. For example, 

crew sent a command during an LOS period, resulting 

in the command being discarded automatically by ISS 

infrastructure. Nevertheless, after AOS the command 

was received on ground, highlighting how LTP was 

resending the bundle during the next communication 

window. 

 

2.4. ISS Ground Segment 

ESA adopted a decentralized infrastructure for the 

operations of European payloads on board the ISS, 

based on the concept of User Support and Operations 

Centres (USOCs) located in various participating 

countries spread over Europe. These certified centres 

acts as a link between the science community and the 

operations. The Belgian USOC (B.USOC) was assigned 

as the Facility Responsible Centre for the METERON 

SUPVIS-M experiment, and was as such responsible for 

the operations preparation and execution of the 

experiment within the overall ISS operational 

environment following the scientific requirements 

defined by the project. During the operations the 

B.USOC was both the data and voice communication 

link between the METERON project team and the ISS 

operational environment, thus acting as an interface.  

 

The network topology used for the data communication 

is shown in Fig. 1. DTN nodes had been set up at all 

ground centres and on-board the ISS providing a 

connection between the rover in the Mars Yard and the 

commanding laptop in the Columbus module. For this 

type of experiment, the classic ISS telemetry and 

telecommanding infrastructure, using CCSDS packets 

and different paths for data uplink and return would not 

be suitable.  
Recently, NASA have extended the Ku Forward [2] 

capability towards payloads and Payload Developers, 

allowing user access to devices connected to the 

Payload LAN on-board the ISS. This new service 

provides the ability to use standard Internet Protocol 

(IP) for the communication to the LAN connected 

payloads. METERON was one of the first intensive 

users of the provided Ku Forward IP Service. It was 

used as the sole path for routing data to and from the 

ISS, and also allowed the B.USOC operator to directly 

access the METERON laptops on the ISS through 

Secure Shell and Remote Desktop.  

  

2.5. METERON Infrastructure On-board ISS  

The METERON hardware on-board the ISS involved 

two T61p laptops, with CentOS installed. Both laptops 

were connected to the NASA Payload LAN inside the 

Columbus module, and remotely controlled by 

B.USOC. The experiment-specific MOPS software was 

uplinked and installed from ground one month in 

advance of the planned crew operations. The software 

on both laptops was identical, but each laptop was setup 

as its own DTN node, providing the ability to have a 

fully redundant system on board. Not all of the MOPS 

components were active on both laptops, METERON 

laptop-1 was setup for controlling the rover, whilst 

METERON laptop-2’s primary use was the monitoring 

of the rover over video. The video available on laptop-2 

was the video feed from the Bridget Camera Head Unit, 

uplinked in near real-time to the ISS for the astronaut’s 

visual awareness.  

 

 

3. EXPERIMENT EXECUTION 

The SUPVIS-M crew activities were executed 

successfully on 29 April 2016. All data provided below 

was received by MOE during the experiment. Fig. 4 

shows the total path travelled by Bridget while it was 

under ISS crew control. The colour of the data points 

shows the progression of time (data points at which the 

localisation information was unreliable have been 

removed). The following paragraphs outline the 

activities in more detail. 

 

 
Figure 4. Rover path during crew activities, with colour 

indicating the passing of time. Arrows at each data point 

show the rover heading, annotations placed by crew are 

represented by purple crosses. 

 

As a first step, Bridget was readied for operations and 

manoeuvred to the experiment starting position via local 

control by the Airbus team. A checkout of the end-to-

end system including Bridget was performed 

afterwards, during which ESOC performed 

commanding from MOE. Next, B.USOC took over 

rover control by using MOPS via a Remote Desktop 

connection to the ISS laptops. 

 



 

10 min were reserved at the beginning of the SUPVIS-

M crew activities for familiarisation with rover driving. 

This was in part due to the compressed preparations 

schedule for the SUPVIS-M ISS activity. For SUPVIS-

M it was not possible to provide hands-on training on 

how to drive the rover to T. Peake (in the following 

referred to as “crew”) before his launch to the ISS. 

Instead, a training video [3] showing how to operate the 

rover was used. 

On the experiment day crew spent 14 min of the total 

120 min on familiarisation, testing commands to set the 

camera angle as well as driving the rover in both 

forward and rotational motion. He then spent a further 6 

minutes driving Bridget to the cave entrance. 

 

The task was to find several “targets” within the cave, 

namely rocks marked with UV paint, and indicating 

their position on the MOPS map. Fig. 5 shows the 

camera view using white light within the cave (left) as 

well as one of the targets, half hidden behind the cave 

partition, in UV light (right). 

 

 
Figure 5. Rover camera view in the shaded area, using 

the white light (left) for navigation, or using the UV 

light (right) to identify targets.  

 

Crew identified the first target (labelled “A” in Fig. 4), 

which was located just beyond the cave partition, with 

the rover still standing in the cave entrance, and then 

proceeded to drive the rover into the cave completely. 

During this time period, target C was in the field of 

view for some time but was not detected by crew. Crew 

then stopped the rover with the camera pointing 

forwards, and proceeded to pan the camera to the right 

in three distinct steps (-90 deg, -100 deg, -131 deg). The 

image from the final camera orientation at which crew 

make the annotation shows an unmarked rock, yet crew 

placed a second target marker on the map in the general 

area of target “A”. This could be related to the fact that 

MOPS was restarted in between the first and the second 

annotation, which reset the MOPS map display to its 

original state (without markings). It was therefore 

difficult for crew to assess what had previously been 

annotated. 

 

Target “D” was the third rock identified by crew. 

However, telemetry indicated that target E should have 

been in the field of view of the camera. This would be 

consistent with inaccuracies in the rover position and 

heading. The fourth target identified by crew was “E”. 

Before crew could place the fifth and final annotation 

marker, he drove the rover onto a rock that was no 

longer visible to him. This incident caused the rover’s 

localisation system to malfunction. Shortly afterwards 

the ISS entered into an 11 min LOS period which 

allowed the teams on ground to recover from the 

incident. The annotation was made by crew based on 

memory of the rover position on the map, possibly 

relying only on the map features.  

 

After AOS, following a reset of some of the systems, 

crew started driving the rover out of the cave. After 7 

minutes crew was satisfied with the rover position and 

handed over rover control to ESOC who then drove the 

rover to its final parking position. 

 

 

4. RESULTS AND RECOMMENDATIONS 

4.1. Distributed Operations 

Exercising distributed operations was an important 

aspect of the SUPVIS-M experiment, and as described 

in section 3, multiple handovers between different 

operators were performed throughout the experiment. 

Initial commanding and checkouts were performed via 

local control as well as MOE. Primary rover control 

remained with MOPS throughout the crew operations 

although local commanding at Airbus was used for 

recovery as well as in an attempt to stop the rover when 

Bridget approached the large rock. However, crew was 

unaware of the STOP commands sent by Airbus and 

kept sending movement commands, which kept 

triggering rover movements. This case shows that the 

implementation of a hard STOP command for a rover, 

as was done for SUPVIS-M, is not sufficient for 

distributed commanding. When designing such an 

implementation, great care needs to be taken to ensure 

that the rover can be stopped safely and effectively in 

case of an emergency.  

 

In the case of SUPVIS-M there was no direct voice link 

from the METERON teams on ground to the ISS crew. 

The feedback from the experiment indicated that it was 

not possible to coordinate efficiently and to agree 

control handovers with crew. Ground operations teams 

had to assume that crew may be sending commands at 

any time unless told explicitly to stand down from 

commanding. At the end of the crew activity, control 

was handed back to ESOC for rover parking operations. 

At the end of the experiment activities, Airbus switched 

to using their local control mechanism of Bridget to 

complete the day’s activities. 

 

All MOE instances used in SUPVIS-M used the same 

map data, which was being kept up-to-date with latest 

updates (e.g., targets identified, markers placed by 

crew) by the operations team at ESOC. This ensured 

that all positions, regardless of geographical location, 

had the same situational awareness. Fig. 6 shows an 



 

example of the MOE map during crew operations. This 

map view was also made available live for PR purposes. 

 

 
Figure 6. MOE map during crew operations, showing 

static obstacles (red squares and circles), targets (red – 

not yet identified, green – identified by crew) and 

locations of markers placed by crew (yellow circles).  

 

 

4.2. Crew Situational Awareness 

Towards the end of the crew activities Bridget was 

driven onto a large rock present in the Mars Yard. Fig. 7 

shows Bridget standing in front of the rock. 

 

 
Figure 7. Bridget rover in front of the large rock on 

which it ended up being stranded, requiring manual 

intervention. 

 

The rock was in the field of view of the camera when 

the rover entered the cave, but this was no longer the 

case when the rover went further into the cave. The 

situation was exacerbated by the camera head geometry 

and angle range which made it difficult to see objects 

immediately in front of the rover. 

The ground teams knew the location of the rock and had 

it included in the map used on ground, but due to the 

inherent inaccuracy in both the rover localisation 

information as well as the rock position it was not 

possible to prevent the collision based on position data 

alone. This incident highlighted the importance of being 

able to quickly enhance crew situational awareness 

through direct communication. 

 

Fig. 8 shows an overview of the surface area visible in 

the rover camera stream. The top plot shows the area as 

seen in white light, with a colour scale indicating the 

dwell time spent on each point of the surface. The target 

positions as well as the annotations made by crew have 

been added for convenience. This plot has been created 

by calculating the intersection of the light cone with a 

flat surface. The equivalent analysis for using the UV 

light is shown in the bottom part of Fig. 8. These plots 

show that crew generally favoured the UV light (used 

during 70% of the time the rover was located within the 

cave), spending more time on searching for targets than 

exploring the Mars Yard. UV light usage is centred on 

the areas where crew managed to identify targets, plus 

the area around target “C” which, for reasons unknown, 

was not identified. The usage of the white light appears 

less systematic since this lamp was mainly used for 

scouting the vicinity of the rover and for driving from 

one location to the next.  

 
Figure 8. Mars Yard surface area seen in white light 

(top)/UV light (bottom) with colour denoting the time 

the camera dwelled on a particular point in space. 

 

The plots in Fig. 8 use rover telemetry for determining 

the rover position, heading and camera angles. 

Inaccuracies in the position data as well as delays in 

updating the camera angle telemetry thus affect the 

outcome. 

 

To assess how safely Bridget was being driven it is 

necessary to correlate several different parameters. Fig. 

9 focuses on two special cases, namely driving in the 

dark without having the white light available for 

inspecting the ground, and driving with the camera 

pointing to the side while driving. The plot is restricted 

to the time period of crew controlling the rover.  

The top part of Fig. 9 shows the rover’s driving speed as 

a function of time (excluding any rotations on the spot), 

with the usage of the two available lamps indicated via 

colour coding (black = no light, yellow = white light, 

blue = UV light). Two dashed vertical lines mark the 



 

times at which the rover entered/exited the shaded area. 

This graph shows that there are periods during which 

the rover moved forward without using the white light 

for navigation, only relying on the UV light which 

provides significantly fewer details for obstacle 

detection. 

 

 
Figure 9. Graph showing the driving speed (top) and 

camera pan angle (bottom) as a function of time. Light 

usage (top) and driving with off-pointed camera 

(bottom) are indicated via colour-coding. 

 

The bottom part of Fig. 9 shows the camera pan angle as 

a function of time. All time periods during which the 

rover was driving forwards and the camera was pointing 

away from the forward direction by more than ½ of the 

field of view are indicated by coloured data points. The 

colour indicates the rover’s driving speed (green = low 

speed, red = high speed) and thus the risk of an incident. 

  

For SUPVIS-M, few constraints were placed on crew on 

how to drive the rover. No rules were in place regarding 

the situations described in this section. It could be 

argued that such rules are necessary due to safety 

reasons. However, there are situations where exceptions 

can be made, e.g., when traversing an area that has been 

explored before and is confirmed to be free of obstacles. 

 

4.3. Crew Time Usage 

Fig. 10 focuses on the time spent by crew on various 

tasks. The bottom row shows a data point for every time 

a command was sent from MOPS. Annotations made by 

crew are indicated in the next row. The middle row 

shows the time periods during which crew was in stand-

by due to investigations of minor technical issues. The 

top two rows in Fig. 10 show periods of 

communications between crew and EUROCOM on the 

space-to-ground voice loop. This is especially relevant 

on the crew side since the crew had to reach for a 

microphone to talk, usually interrupting the interaction 

with the METERON laptops. LOS periods are indicated 

by grey rectangles spanning the whole plot. Fig. 10 

shows that periods of frequent voice communications 

generally feature less frequent commanding, which 

could be related either to issues with the end-to-end 

system necessitating voice traffic, or voice 

communications making parallel commanding difficult. 

 
Figure 10. Plot indicating the crew’s activities.  

 

The overall breakdown of how crew time was spent on 

different activities has also been analysed: 58 % of the 

allocated crew time was dedicated to rover operations, 

10 % on waiting for Bridget to complete transitions 

between point-turn mode (all wheels pointing inwards) 

and driving mode (wheels straight or following a curve) 

while during 6 % of the time crew was in standby. 12 % 

of the available time was lost due to LOS periods. The 

remaining crew time was used for voice interactions 

(12 %) as well as miscellaneous activities (2 %) like 

familiarisation, annotations, etc. 

 

4.4. Crew Experience 

This section covers the experiment as experienced by 

ISS crew. 

 

The crew was tasked with driving the Bridget rover into 

a darkened cave in order to identify as many targets as 

possible within a 2 hour time limit. The number of 

targets inside the cave were unknown and the rover had 

to exit the cave prior to the time limit expiring. These 

objectives were not compatible with using the most 

cautious method of exploration possible. Instead, a 

compromise was required whereby situational 

awareness was degraded in order to facilitate speed of 

operation. Whilst this approach is not necessarily 

recommended procedure for robotic exploration into 

unknown terrain, these constraints did highlight several 

potential areas for improvement. 

 

Crew situational awareness was achieved primarily by a 

camera co-mounted with two lights (white light and 

UV), with a pan capability of ±144 degrees and a tilt 

range of -42 degrees to +25 degrees. The cameras were 

mounted on a mast approximately 1.6 m high over the 

forward pair of wheels of the rover. This camera view 

enabled the crew to see a cone-shaped region in front of 

the vehicle, but did not allow visibility of the rover’s 

wheels, nor the area immediately surrounding the rover. 



 

The crew could record targets on a map within the 

MOPS software in order to aid situational awareness. 

However, the accuracy of this data was limited to using 

camera pan angle and a crew estimation of target range 

in front of the rover. In order to assist with range 

estimation, the crewmember used a spreadsheet with a 

basic trigonometrical algorithm using camera tilt angle 

to give an approximation of distance. This method was 

not able to take into account errors due to differences in 

terrain elevation between rover and target. 

 

Preference was given to using the UV camera during the 

experiment since, in addition to fulfilling the primary 

objective of identifying targets, it also provided some 

light within the visible spectrum with which to observe 

terrain. However, for obstacle avoidance, greater 

situational awareness was gained by using the white 

light. This was a constraint to safe and efficient 

operations, since one camera view was unable to 

adequately fulfil both obstacle avoidance and target 

identification and it took time to switch between the two 

views. The constrained camera pan and tilt limits did 

not allow for observing obstacles within the immediate 

vicinity of the rover, in particular the wheels. Instead, 

the crew had to remember what terrain had passed in 

front of the camera view several moments previously 

and attempt to paint a mental picture of what obstacles 

were close to the rover. This was particularly 

challenging when changing vehicle direction. There was 

insufficient time to adequately plot a detailed ‘terrain 

map’ using the laptop software, nor to capture 

photo/video imagery for subsequent review and analysis 

of safe passage or target identification. 

 

Inadequate camera views, time constraints and poor 

software tools for providing augmented reality resulted 

in an overall low level of crew situational awareness 

during the experiment. Whilst this could have been 

markedly improved by allocating more time for 

surveying the terrain (using both cameras) and 

analysing recorded imagery, this would still have been 

unnecessarily crew-intensive. It is recommended that 

the rover’s camera views be improved to provide greater 

situational awareness. Furthermore, it is recommended 

that software is improved that can provide accurate 

augmented reality terrain mapping. Use of a laser range 

finder co-mounted with the cameras would be a 

significant improvement to aid with target storage and 

obstacle marking. 

 

 

5. CONCLUSION 

The main focus of the SUPVIS-M experiment was to 

test and evaluate distributed operations and end-to-end 

operation methods with geographically dispersed 

engineering teams working together with the ISS 

astronaut to control a surface rover. 

In addition to the collected data, qualitative observations 

and user feedback have been collected, especially 

regarding the rover operator’s situational awareness, 

one of the key areas of interest for this experiment.  

The analysis of the collected data shows that crew spent 

slightly more than half of his allocated time on the 

actual rover operations. The largest portion of this time 

was spent on searching for targets inside the cave using 

a UV light mounted on the rover.  For the exploration of 

the cave, crew was using a white light to get an 

overview of the surroundings. 

Towards the end of the allocated time, crew hit an 

obstacle, demonstrating the need for better visual 

awareness when driving in such conditions. Throughout 

the experiment the distributed team successfully 

conducted operations of all elements of the system from 

different locations, including the ISS. Control of the 

rover was handed over between operators, who were 

using different control methods that were connected 

using the METERON mission control system (MOE).  

 

SUPVIS-M demonstrated the importance and value of 

learning by doing. There is no better way of gaining 

experience and expertise than hands-on experiments. 

Since SUPVIS-M covered the full end-to-end chain it 

also demonstrated the effectiveness of system-of- 

systems operations. The experiment also highlighted the 

importance of considering the complete operations 

chain as early as possible when defining a mission. 

 

Experiments such as SUPVIS-M are key when defining 

operations scenarios for future human and robotic 

missions. The results of this experiment are already 

helping the missions currently in the definition phase. 
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