
CRAFT: Collaborative Rover and Astronauts Future Technology 
Victoria Da-Poian1 and Vsevolod V. Koryanov2, 1ISAE-Supaero (French aerospace engineering school, Toulouse 
France), and Bauman Moscow State Technical University, da-poian.victoria@hotmail.com, 2Department of Dynam-
ics and Flight Control of Rockets and Spacecraft, Bauman Moscow Stete Technical University, 5, b1, 2nd Bauman-
skaya Street, Moscow, Russian Federation, 105005, vkoryanov@mail.ru. 

 
 

Introduction: As the ISS will be de-orbited in the next 
few years, we need to think beyond. The future step in 
the space exploration are missions to the Moon or to 
Mars, astronauts and engineers have to be ready for it. 
To accomplish these new missions, telerobotics are 
essential. Robots have already demonstrated their po-
tential for the space exploration and they are likely to 
play an important role alongside Humans for future 
extra-terrestrial missions. Therefore, improving the 
Human/Robot collaboration is a challenging field of 
work that is complicated by the special environment in 
which astronauts have to progress through. A special 
effort has to be made in order to make interfaces as 
intuitive as possible. In the context of space explora-
tion, space agencies and companies are currently re-
searching and developing projects on Human-Machine 
Interfaces (HMI). This is the way humans and ma-
chines interact and work together to accomplish differ-
ent tasks. This is vital as machines perform better and 
better, and men will need to interact with them and 
often rely on them during future space exploration 
missions.  
 
 The space exploration has become a reality 
for several decades and is now looking forward extra-
terrestrial colonization. Our closer neighbours, the 
Moon and Mars are at the centre of attention. The Eu-
ropean Space Agency (ESA) is developing its “Moon 
village” concept that aims to establish the first manned 
base on the Moon. To achieve this goal, robots will be 
firstly sent to begin the constructions, before the arrival 
of the first lunar inhabitants. Moreover, the private 
sector also wishes to take part into space exploration: 
Elon Musk, SpaceX founder and CEO, wants to send 
humans on Mars by 2024. These projects reflect the 
new approach of space exploration activities.  
 

 
Objectives: In all these new projects, it appears unde-
niable that robots will play a major role alongside Hu-
mans. Astronauts will constantly have to deal with 
high workloads, high-risk, technology-dominated envi-
ronment, and the effects of the environmental condi-
tion. Even simple tasks, as carrying tools, walking, are 
very constraining. Using robots will save time and 
ensure the astronauts a greater safety. 
 
 Our project, CRAFT, is focusing on the rela-
tionship between astronauts and rovers to best work 

together during surface explorations. The exploration 
of planetary surfaces (Mars, Moon…) will require not 
only astronauts but also robots to achieve some tasks 
during their mission. Robots will help and assist astro-
nauts, and will also carry out tasks outdoors autono-
mously. In order to simulate this type of missions, and 
to give the astronauts the best preparation, our project 
is to develop a rover doing all these tasks. 
 A robot system brings a lot of challenges such 
as weight and size constraints, sensors and actuators 
suitable for extraterrestrial environnement conditions, 
communication delay. In this work we present the 
CRAFT rover that we designed for the challenges of 
HMI exploration missions.  
 
 
Equipment facilities required: Our CRAFT rover 
will not only be an autonomous rover but also the as-
tronauts partner. CRAFT will be able to navigate in 
rough terrain and explore areas to work on relevant 
sites.  

The delay between a ground station on Earth 
and a rover on Moon is limited to 100 Mbit/s and de-
layed by two seconds in each way. Nevertheless during 
exploration missions, monitoring and intervention on 
robot’s task execution is primordial. Sevevre delays 
and periods of blackouts between the Earth and the 
Moon during high level tasks, will be partly solved by 
using the METERON technology developed by ESA. 
The rover could be monitored from different control 
centres : Earth control centre, DSG orbital centre, 
Moon base control room. 
 

 
Figure 1: Space telerobotics with the Meteron ex-
periment 
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The CRAFT rover would have two operations modes : 
the autonomous mode and the collaborative one. Mo-
rover it will be equipped by:  
Locomotion system: It will be equipped by a high ma-
neuverable locomotion system (using individually 
steered wheels), stereo cameras, inertial measurement 
unit, GPS, self-localization system, environment map-
ping, robotic arm, and also by human linked systems.  
 
EVA operations system: On autonomous mode, during 
EVAs, the rover will be able to dig and take sample 
thanks to his six degree-of-freedom robotic arm (while 
recording each location and time of sampling tasks). 
His perception of the environment will be purely vi-
sion-based thanks to stereo-cameras.  
 
The rover will also be able to send astronauts datas 
(hearth rate, temperature, etc) to the control centres 
(Earth control centre, DSG control centre and Moon 
Surface control base).  
 
 

 
Figure 2: CRAFT communications scheme 
 
 

In case of any malaise, the rover will be ex-
tended in a medical stretcher and will go automatically 
to the moon base.  
 

We designed this CRAFT rover to operate 
both in autonomous mode and in monitoring mode in 
order to assist the astronaut and to rescue him if neces-
sary. This is essential to conduct efficient and safe ex-
ploration space missions. 
 

 
Figure 3: Main advantages of CRAFT utilisation 
 

To conclude, CRAFT project will enable many step 
forwards for space exploration. Not only its autono-
mous mode will enable the astronauts to optimize their 
time, but also its collaborative mode will make EVAs 
safer. Indeed, the collaborative work between CRAFT 
rover and the astronauts will rise effectiveness and 
success of EVA’s operations. Moreover these danger-
ous activities will be monitored by the rover and it will 
bring back the astronauts to the habitat in case of 
emergency.  
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