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Exploration Road-map
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= MSL: powerful rover; » ExoMars: next-generation
arge 2-D mobility. 3-0 access.

Following on the results of MSL, ExoMars is the logical next step in international Mars surface exploration
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Mission Goals:

The Beagle2 Mission

Chemical traces of Life
Subsurface sampling (mole)

Environment (meteorological)
monitoring

Stereo cameras
Surface UV Flux

180sols design lifetime
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First mission of the ESA Exploration Programme
Mission Goals
°* Science

= Search for signs of life (past and Present)

= Investigate water/Geological environment

= Investigate Martian Atmospheric gas traces and

sources Netherlands

* Technical
= Entry Descent and Landing of a payload on Mars
= Surface Mobility with a rover
= Access to sub-surface to acquire samples

= Sample acquisition, preparation and analysis Switzerland
United Kingdon ==

Total Program (2016+2018) value of ~1Bn€...
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Partilha/Cooperacdo ESA/NASA.
em mudanca

ESA-NASA ExoMars programme 2016-2018

}:_;\_‘ .-'H:l..:- ’ —_ - -

2016
£33 L) Wiiss

ESRIEN IOV ESCENTE
_m.u:LJ Jaummiuw

2018
= Samplascaching FOVEr....
Development led by NASA 3
ESA ExoMars F-!cwnr ’
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Deployable Mast
Assembly (incl Pan and

Tilt Mechanism)
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Edge capping —
solar array & bio-

Body Structure

seal interfacel Potted inserts (e.g. for

Ground Penetrating
Radar Horn support
bracket
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bulkhead electrical
/ connectors)

Iso-static mounts (6) Bonded titanium alloy fittings
for hold-down mechanisms /
locomotion bogie attachment
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Rover Vehlcle E-SVM Conflguratlon

Electrical
Service

Module \
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Power Sub-system Architecture

PCDE

‘ 28V Bus

converter

?ﬁ

Umbilical dc-dc

_.
28V from
umbilical

Solar Panels

10

S3R

Distribution LCLs

o

Heater Switches

A 1
—— | NEA Distribution
Frangibolt
Main Error I:} Distribution
Secondary Supplies
Discrete L and Distribution
Command/Control A I A (£15V,= 5V)
CAN bus Interface L
Pre-}r«m Telemetry <;
| |:> Acquisition ]
[ [ °®
S3R Inhibit BCR Inhibit | Battery | gpR inhibit
(from umbilical) | Li-lon | (from umbilical)
6S TBD P

ESPACO: A Contribuicdo Portuguesa em Investigacéao e
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* Battery
= |i-lon
= |solator Switch

= Direct
Negotiation

* Solar Panels
= 2.5m? total area
= Total of 5 panels
= ~ 300watts

* PCDE

= Direct Energy
Transfer

= LCL’s 20+20
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= Redundant UHF Transceiver
= Redundant RF Path

= Proximity-1 standard

= 2 Monopole UHF antennae

* Status

= UHF Transceiver Supplier
selected

Communications Architecture

Earth

Deep Space (Long Link)
X-Band DSN link

NRO or
ExoMars Orbiter

Proximity-1
UHF links

UHF Monopole

UHF Meohopole Antenna B

Antenna A

\ 4 4

Tiplexer Iﬂ&'_’
Discrete Th <= Discrete T

UHF
OBC Reset TC «<—| UHF . > OBC ResetTC
Transceiver Transceiver
A B
C&M (CANBuses) 7y 7
Y v

Discrete TM-‘I TR A | | TR B Id Discrete TM
gr * 17
OBC Reset TC N e OBC Reset TC

----------

CANBuses
DHS

Rover

Communication System Architecture Block Diagram
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Rover Tub A
Structure

Heat carried
by flow of
working fluid ¥

Convection
to Martian
Atmosphere

Service Module
Electronics

Battery

A\ A Conduction
\U

Conduction to
DM Interface
(during cruise)

through
Struts

u

Solar Array
Panels

Loop Heat-
Pipe

LHP
Bypass

Support
Struts

Insulation \

Radiator /
Condensor

* Loop Heat Pipe system (~15watt)
* Standard Heater elements (mats, etc) supporting electronic control

12

loops
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Thermal Subsystem

—_——————————— — — — — —————— —

Loop Heat-Pipe Concept \

Condensate External Heat-Pipe

Condenser [ Radiator

Switch valve,

" Loop Heat-Pipe LHP vapour
Evaporator \Vapour pressure
sensitive

(integral part

Condensate Bypass of LHP) /

[

SVM Electronics

Insulated
Enclosure

Analytical
Laboratory /

Vehicle

Radiator Radiator
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CAN CAN

Onboard computer

Py f ]
* Core Module e ‘ P L ””””””” -{ P ‘ L
= LEON based processor 1. ot ‘ { i § i {
= 512MB SDRAM ) m
= CAN databus, RS 422 I/F el e
= RTEMS O/S §E L =3
= OBC reconfiguration
= On Board Time = = F e 1=
- Wl =
* Navigation Computer & Mass Memory == id I R e
= LEON based algorithm co-processo [ .. [ w1 | e ] || [ ] o
- 16GB of Flash Memory oot ||| | s || || st ||| |osen
= 512MB SDRAM oo um o0 e e ame e ¢ e o MG

EDAC protection
SpW for high speed instruments
SpW routing network

* Power supply and Interface module
= High priority telecommand to PCDE
= HKTM acquisition
= Internal secondary voltages

ESPACO: A Contribuicdo Portuguesa em Investigacéao e @
Desenvolvimento, IST, Lisboa, 12 de Abril 2011

13

Development Model
delivered to Astrium
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* Software Requirement for Version 1 complete

V1 Implementation about to commence

* Architecture and Requirements Definition for V2

*Rover Vehicle Software Features:

RTEMS OS

Data Handling Software (providing PUS TC/TM service
functionality and some architectural services)

On;Board ‘File Management’ (image storage & retrieval
etc

OBCP Interpreter

Vehicle Application SW to perform vehicle locomotion
control, localisation data processing, ‘platform level
management (thermal, power etc)

4 SW versions expected developed using the C
language

* Software subcontracting

To be released as 3 separate Subcontracts (Tranches)
Sub-Contracting at System level and Code level

Subcontractor will be responsible for the code and unit
test activities Integration support to Astrium

Co-Engineering development approach to maintain
efficient risk managed process

ESPACO: A Contribuicao Portuguesa em Investigacao e
Desenvolvimento, IST, Lisboa, 12 de Abril 2011
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Auto/Timer

Onboard SW and Operations

Auto/Timer ‘ ‘ Auto/Cmd

HIBERNATION

Auto/Cmd Auto/Cmd

Auto/Cmd

Shutdown
Sequence
(Declining Battery
State-of-Charge)

STANDBY
[

il

e -
Cmds

ATTACHED
{0 DMALPY

SEPARATED
(from DM/LFY

OPERATIONAL STATE

Functional Modes

G ASTRIUM
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Locomotion Subsystem

* 6 wheel, 21 DOF system
* Includes Electronics Drive

system

* Flexible wheels baselined
* Building on existing BB

activities

15

Locomotion Subsystem
KEY | Locomation
Power Distribution Electronics | N e B -—Mhachrrlent—o ‘Bogie Electronics. AIE::‘:::\GJ\S
Motor Cantrol and Sensor Elecironics | Sensors
I corecior Biocks = Sigral | —_—— — e ———
| Hsalsrs ’ Power Motor Cantrol (=& Data| -
= Locomotion Harness 4 and Sensor Locomation
‘ | Fower = El i - | Control
mm— Rover Vehicke Hamess | - [ | Software
| Signals Themal | Thermal
g Hentats Sensors Control
| L 2 Power | CAN Bus Software
Sensors A |
| Pawer Signals |
A
| | wheels y I | i |
| Suspension 4 |
Joints Power =
| Distribution - Lo ]' -
| ogie Electronics < | ] -
Therrmal 1
| Sensors Th I .
; ema -
| ‘Bagies Heaters Sansors
A 2 =t
| PCDE. |
| Fower |
| Attachment |
HDRMs
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GNC Functions - Localisation

How is the Rover oriented?

°* Sun and gravity direction measurements are "
compared against a reference '

* This allows knowing the heading (where is
North) and the tilt (angle with vertical) of the
Rover

* Performed when the Sun elevation is low
(Rover static)

Gravity
vector /

Where is the Rover? PR

* LocCam stereo images used to identify and e
track features as the Rover moves e e

* The way the features appear to moveisused =
to deduce how the position and orientation of " 2 |
the Rover changed EEEEEREEE o o

*  Wheel odometry and rate information used HH ::EE:::'::“:"?{"_ L eaR

between visual frames B b o me

ESPACO: A Contribuicdo Portuguesa em Investigacéao e
. Desenvolvimento, IST, Lisboa, 12 de Abril 2011
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NavCam images

18

. Perception: produces a disparity map

. A 3D terrain model is built with

. A Navigation Map including forbidden

. A path to the target is planned through

50 100 150 200 250 300 350 400 450 500
X (pixels)

from NavCam Stereo Images

estimation of uncertainties

areas and driving cost is produced

the navigable areas with minimum cost

ESPACO: A Contribuicdo Portuguesa em Investigacéao e
Desenvolvimento, IST, Lisboa, 12 de Abril 2011

GNC Functions - Navigation

Terrain Model
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Makes the Rover follow
a path by:
= Correcting lateral and
heading errors

Trajectory

steer

Rover Speed-"|
- Traction

/ Geometric |-
~u == S

Rotation Centre

Using control laws it corrects the errors
by sending corrective manoeuvres to the

locomotion

GNC Functions — Trajectory

angle
a
a
N Wheel Centre @

S_Gm drive rate %

Control

steer
angle

Wheel
Centre

Rotation .1’

&

“>.._ Centre’
Rover s, <

Turn Rate (>
-7 D> Iab e
@""‘ 5 \
8 y
,Traction

.-~ Geometric
Centre

w drive rate

Motion direction

g gy PRS- PP SRRy JRpR R

= Generic Ackermann to accurately follow

path

= Generic Point Turn to accurately rotate E

around itself

It has a goal of minimising wearing of

actuators

ESPACO: A Contribuicdo Portuguesa em Investigacéao e
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TCRP True Position
X TrajCtrl Enable
Input path

Rover -90° heading
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Videos e perguntas

Trajectory Control

Visual Localisation

nuno.silva@astrium.eads.net
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Science Payloads

°* ExoMars Mission flying 7
instruments within Rover

= PanCam

= MOMA
MicrOmega

= Mars-XRD
= Raman
= Wisdom
= Ma_Miss
* Instruments (and teams) funded

directly by each National Space
agencies.

ineralogy GCMS

Crganics

) ASTRIUM
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Instruments External

PanCam (Panoramic Cameras)

Panoramic camera system
Led by Mullard Space Science Lab (UK)

WISDOM (Radar)

5 ASTRIUM

AN EADS COMPANY
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Instruments Internal

MicrOmega IR (Imaging instrument in IR)

= Analyses crushed samples

= Mineral grain sizes =>for XRD/MOMA

= Led by Institute of Astrophysics, Orsay (F)
Raman Spectrometer

= Laser based spectrometer e

= Provides geological and mineralogical context

= Led by University Valladolid, (E) '
Mars-XRD (XRayDiffractometer)

= Focussed on silicate minerals such as clays
and sulphates

= Also contains an X-Ray fluorescence
capability (useful atomic composition
information).

= Led by IRSPS (1)

ESPACO: A Contribuigdo Portuguesa em Investigagéo e w Abl |(|U|V|
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MOMA (Mars Organic Molecule
Analyser)

Internal Instruments

Ophical Fiber

Largest Instrument in Rover
Directly targeting biomarkers

Both atmospheric gases, and
subsurface samples

Led by John Hopkins
University (USA)

ESPACO: A Contribuicdo Portuguesa em Investigacéao e @
Desenvolvimento, IST, Lisboa, 12 de Abril 2011
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Internal Instruments

Sample container Rotary Valve Motor
N / Bellows Pu
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Sample Processing Unit

«—  system

NWIWOJ 3 Jou |[eys )| ‘wniisy Jo Auadoid ayy

Processing Processing

chamber l chamber

Waste chamber Piezo agitator
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— Life

Marker Chip

mp

J/ Fluid Container

Fibre Optic imaging

¥——— Solenoid Valve

# % University of

" Leicester
University of Leicester (UK)

Evaporation & Cranfield University (UK)

Magna Parva (UK)
CCD detector Surrey Satellite Technology Ltd (UK).

erial College (UK)
Dutch Space (NL)
Lionix (NL)

DLR (D)

Kayser Italia (1)
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Penetration of organic
destructive agents

jﬂ“ ““‘-uf"l/ﬁ,l

Subsurface

f

* Bore-hole IR camera “Ma-Miss”

= Fibre-optic feed from Dirill to in-

board detector

= Observing within drill hole <50cm

depth

= Imaging and spectra by reflectance

in near-IR (0.8-2.8um)

= Led by National Institute of
Astrophysics, Rome (1)

27

MR assembly with
~ | m drill motor

Drill System

Optical fiber

Mandrel

main drill tool
2nd drill tool

xtension rod x3

—— 2 1 N
Rod sustain and
clamps

lower clamp

motor

mandrel lower clamp

translation

resolver

mandrel rod magazine

translation motor

motor

- e

C) ASTRIUM
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Drill System
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Analytical Laboratory Drawer
(ALD)

Ultra-clean zone !
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Inside the Analytical Laboratory

&

Drawer
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