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1 Motivation

The obje
tive of this thesis is to develop te
hniques for the autonomous navigation of spa
e robots

in 
omplex environments. This will involve using multi-view visual information to perform simultaneous

lo
alisation and mapping (SLAM).

Indeed there is an important and ever in
reasing demand for autonomous robots that are 
apable of exe-


uting tasks in an autonomous way within varying environments (spa
e, urban, natural, military, industrial)

and for numerous appli
ations (aero-spatial, exploration of remote or dangerous environments, 
artography,

transport, agri
ulture, 
leaning, inspe
tion, surveillan
e, 
artography,....). Autonomous navigation has be-


ome a key te
hnology for interplanetary exploration. An important development e�ort has been performed

by the European Spa
e Agen
y and industrials like Thales Alenia Spa
e to bring new te
hnologies to maturity

for spa
e exploration. Examples of appli
ations are rover navigation, safe landing with hazard avoidan
e, or

proximity operations around an asteroid. In all 
ases, the environment is largely unknown and the dynami
s

are very un
ertain.

A key di�
ulty of autonomous navigation is the lo
alisation and mapping of the environment. Visual

navigation is parti
ularly well adapted to su
h exploration tasks. Vision sensors provide relative velo
ity

information between the terrain and the robot, whi
h is 
riti
al for automati
 landing [17, 8℄. Safe landing

on a planet, like Mars for example, will also rely on the autonomous identi�
ation of hazards (strong slopes

or large ro
ks) and if ne
essary re-targeting toward a safe site [14℄. These operations must be 
ompleted in

real-time. Whilst visual sensors are very performant in a wide range of s
enarios, 
ertain di�
ulties must be

over
ome in
luding 
hanging illumination 
onditions or the fa
t that landmarks are initially unknown.

For missions to asteroids (see Fig 1) or 
omets with low gravity, the time 
onstraint is mu
h less strin-

gent [13℄. These types of missions usually start with the 
onstru
tion of a shape model of the obje
t (a 
oarse

global map and several re�ned lo
al maps), using SLAM te
hniques. This mapping 
an be performed before

proximity operations or landing a
tually takes pla
e, so on-line hazard dete
tion and avoidan
e does not

need to be handled entirely during the landing phase.

The main aim of this proje
t is therefore to study navigation te
hniques within un
ertain, partially known

and restri
tive environments without making hard a-priori assumptions about spa
e vessel traje
tory or about

the intera
tion of the robot within dynami
 environments. In order to a
hieve this it will be ne
essary to

tightly 
ouple multi-view measurements within a 
losed-loop visual servoing 
ontrol s
heme.

2 Context

In general, the entry, des
ent and landing (EDL) of spatial robots 
an be modeled via various 
omplex

physi
al systems that 
an be di�
ult to 
ontrol without the use of appropriate sensors and models of their


omplex intera
tion between one another. Indeed, the use of visual sensors to 
ontrol aerial roboti
 systems

has re
ently seen a boom in a
tivity for all types of drones (mi
ro, mini, heavy or lighter than air [3℄) and in

all possible 
on�gurations (�xed wing [5℄, gyrating [2, 19, 18, 1, 20, 16, 11, 6℄, vibrating for �apping wings).

In spa
e appli
ations, bino
ular opti
al navigation is very 
ommon for rover navigation, however, it has never

been used for other spa
e appli
ations [13, 17, 8℄. Opti
al navigation is generally 
omplemented by a ranging

sensor (lidar or radar). It seems therefore pertinent to study this new approa
h and to demonstrate its

e�
ien
y when 
ompared with existing systems. Clearly, the problem of exploiting the advantages of visual
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Fig. 1 � View of an asteroid from the Thales-Alenia Spa
e simulator.

sensors in an optimal manner for lo
alisation and 
artography is an essential problem for many di�erent

appli
ations.

In the wider literature, whilst mu
h resear
h has been 
arried out on mono
ular visual servoing [7,

4, 16, 11, 6℄ for di�erent systems, relatively few studies have fo
used on image-based 
losed-loop 
ontrol

using multi-view systems su
h as [15, 9℄ or in the 
ontext of visual SLAM [10℄. Further to this, multi-view

geometri
al approa
hes have remained largely studied in the domain of visual per
eption [12℄, however, few

attempts have been made that integrate this information dire
tly within a di�erential feedba
k 
ontrol loop.

Closing this 
ontrol loop promises not only to improve vehi
le autonomy but also it's real-time per
eption

and subsequent intera
tion with the environment. Indeed, 
losed-loop 
ontrol exploits both knowledge about

the movement of the robot for better per
eption and simultaneously uses per
eptual information to provide

performant 
ontrol so as to improve 
omputational e�
ien
y, robustness and pre
ision.

This resear
h proposal integrates perfe
tly with the s
ienti�
 resear
h proje
t CNRS-PICS �Visual servo


ontrol of Unmanned Aerial Vehi
les�, with the national proje
t ANR SCUAV (Sensory 
ontrol of unmanned

aerial vehi
les) both 
oordinated by the I3S resear
h laboratory, along with the "Opti
al Observation and

S
ien
e� resear
h unit from Thales Alenia Spa
e.

3 Des
ription

As mentioned, this thesis subje
t 
on
erns the development of simultaneous lo
alisation and mapping

(SLAM) te
hniques in real-time for navigation and spa
e exploration with autonomous spa
e
raft.

The major part of this study 
on
erns the lo
alisation and will involve developing a multi-view visual

servoing system for a spa
e robot. The interest here will be to integrate multi-view di�erential geometri


theory with 
losed-loop visual servoing 
ontrol theory. It will be ne
essary to develop an analyti
 relationship

between the movement of an air
raft and the movement per
eived in multiple views. This will also in
lude

identifying pertinent 
ontrol parameters that adhere to a rigorous set of 
riterion (robustness, stability,

pre
ision, e�
ien
y) along with the 
hoi
e of te
hni
al 
onstraints su
h as the optimal pla
ement of the


ameras. In parti
ular, it will be of interest to develop a global task fun
tion whi
h allows the air
raft

to behave 
orre
tly in a

ordan
e with the online dynami
s (for example, the movement of an asteroid),


hanging illumination 
onditions (a

ording to the luminosity and the visibility), perturbations (su
h as

varying temperatures) or large di�eren
es in per
eived s
ale of the environment.

The se
ond part will involve developing algorithms for mapping the environment in an o�-line learning

phase that will allow to redu
e the 
omputational 
omplexity of the online problem by performing the bulk

of the 
omputational e�ort o�-line. This will involve 
reation of a navigational framework that allows the


reation of image-based stereo maps within whi
h a robot is to exe
ute a global task. Given a set of training
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measurements, task planning 
onsists in 
onstru
ting optimal representations of these maps in su
h a way

that lo
alisation and 
ontrol of the air
raft may be perform pre
isely whilst remaining invariant to dynami



hanges in the environment.

4 Required Competen
es

The implementation of the work will be integrated, tested and validated on roboti
 platforms available

at the I3S laboratory and partner laboratories. Thales Alenia Spa
e has a realisti
 simulator (see Figure 1)

that will available for testing the developed algorithms.

For this position, 
andidates must be enrolled in a Masters stream with a fo
us on 
omputer vision, visual

servoing, and/or automati
 
ontrol. The 
andidate should have also good abilities for software development

and report writing.
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