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ExoMars Programme Overview &&; €eSd

Two missions, one in 2016 and one in 2020, respectively

» The 2016 flight segment consists of a Trace Gas Orbiter (TGO) and an EDL Demonstrator Module
(EDM) - Schiaparelli

» The 2020 flight segment consists of a Carrier Module (CM) and a Descent Module (DM) with a Rover
and a stationary Landing Platform

» Large |nternat|onal cooperation W|th "Roscomos, some contrlbutlons from NASA
FEYE 2016 Mission A4 And 2018 Mission A

Trace Gas Orbiter (TGO) or Carrier Module Descent Module
(CM) (DM)
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2016 Mission - SCC Overview N

QO Total Mass 4282.6 kg | .\ &
> TGO Mass 3706.3 kg (incl. 2427.5kg propellant and SCC on shaker for
8.5 kg of pressurant) mechanical testin
» EDM Mass 576.3 kg (incl. 46.2 kg of propellant) g
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2016 Mission Overview i\k&; S

E;oMars?OYWunsferfoMurs MOI : 3 Critical hours

Nominal Mission (Launch 2016/3/14) far ~z ABOUT +/- 2 HOURS AROUND PERICENTRE - ECLIPTIC PROJECTION
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2016 Mission Overview - EDM {-esa

EDL : 6 critical minutes
(Schnaparelll)

B Heatshield protection during atmospheric deceleration

 Time:5m 22 sec
Altitude: 1.2 km
Speed: 240 km/h
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EDM - Avionic architecture 'mm = m —erT v e

|:| Powor Systom - Thermal - Entry/Surface sensors — CAN bus B — SPACEWRE|
- Nata Handling I:l Communication — e Power — 1553
I:l GNC Sensors. I:l Propulsion — Discrete Lines R5422

EDM

f/
BACK SHELL
Back cover TPS s \ | | p——
| : -r

SURFACE PLATFORM (SP)

=

Parachute FRONT SHELD

Back cover

Surface Platform

Front Shield
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EDM — DH subsystem dtes

KEY

- Payload - Mechanism/Achitors |:| Madule UF — AN bus A —_ ups

@ CTPU: classic OBC architecture (no redundant) with B rersen ema [l ErinSutecosemos  ———  CANbsB o mmieg

i i i i i ) i = Nata Handing [ | Communication — em— Pawer — 1553
power section including an hibernation timer (supplied by O  ctcsemos [  Prowsn ——  Discrolies Radz2
dedicated DC/DC) for low (zero)-power mode. Power T AR
distribution section with 4 LCL lines + 4 heater lines, one P iz “f ﬁ
main DC/DC (135W output power). One rechargeable — == \ -
battery but without charging section. RT for TGO 1553 on “ 1 _’-lr —

SURFACE PLATFORM (SP)

payload bus R — -
O RTPU: classic RTU (no redundant) including a power —fo—
distribution section with 4 LCL lines + 8 heater lines, one 1 ’

main DC/DC (220W output power), two rechargeable
batteries (28V and 60V) but only one charging module,
one THR driving module (9 400N THRs in pulse mode), one
pyro activation module (RCS, PDD, FS and BCV sep); RT
for TGO 1553 payload bus

E
1
[ reeal]
ole
RDA
]

SP WARM COMPARTMENT

ULLE
0 Battery switches to manage safely battery charge L | | L _
without charging modules | L -
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EDM - DH subsystem (2)

O 2 platform buses based on CAN like RS485 +
CANopen:

- Bus A (surface bus): CTPU, DREAMS (PL) and UHF ZE

Transceiver
- Bus B: CTPU, RTPU and Radar Doppler Altimeter

O Classic DH interfaces (ASM, TSM, BSM, HPC, BDM)

d HPC used for Battery relay switches

O Ad-hoc interfaces for accelerometers, pressure
transducers, payload during entry and sun sensors

O RS485 for MIMU acquisitions
O RS422 for camera images acquisitions
O RS422 for TM/TC Interface with UHF transceiver

ESA UNCLASSIFIED - For Official Use
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EDM - DH subsystem (3)

d GNC main control loop at 10 Hz
THR commands at 10 Hz

Radar TMs acquired at 20 Hz (linear
velocity and distance from ground)

IMU data (angle and velocity) acquired
at 100 Hz

d CSW control loop at 10 Hz
HK TMs (RTPU) acquired at 10 Hz
Commands at 10 Hz

UHF transceiver management @10Hz

d 100ms TM/TC windows (60ms for TMs and 40ms
for TCs) separated by SYNC messages

ESA UNCLASSIFIED - For Official Use
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Figure 5-28: EDM CAN bus A TM/CMD window

SYNCH SYNCH

=50 ms =20 ms

—

t0

t0+50 ms

t0+100 ms
Figure 5-29: EDM CAN bus B TM/CMD window
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EDM - CAN bus architecture d:esa

d 2 buses, each one based on two physical redundant buses (redundancy management
disabled during EDL) with selective bus architecture. CANopen protocol selected for EDM CAN
networks (first time in European space applications).

O All slave nodes are equipped with ESA/SITAEL CANopen Controller IP core (developed
under EXM program), CTPU runs a tuned CANopen SW stack from Vector.

a CAN “shock” at the beg (workshops, new TMTC ICDs, DCFs, tuning of necessary HW - CAN
controllers + DMAs in the OBCs-, tuning of necessary SW - how to handle CANopen SW stack
task-, long validation of the CCIPC core), but at system level simple validation of the networks
due to few terminals and short bus length (electric waveforms and correct implementation of
DCFs, no tool needed for protocol validation).

O Physical layer based on CAN-like RS485

ESA UNCLASSIFIED - For Official Use 17/10/2018 | Slide 10
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EDM - CAN bus architecture d:esa

a TM/TC protocol based on CANopen (mainly PDOs, SDOs used for reliable commands and

large data exchange , i.e. SW patch/dump , THR commands and for science telemetry
download)

d 100ms TM/TC windows within SYNC messages. 1Mbps.

O Bus redundancy management via Heartbeat message.
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EDM - DH budgets d:cesa
d BusA:

« UHF: 1 PDO at 10Hz (transceiver configuration and status), 4 at 1 Hz (RX and TX
analogue status, forward and return link status)

- DREAMS: 1 PDO at 1 Hz (configuration and status), 1 SDO at 10 Hz (science,
patch&dump)

« Average bus load: 6kbits/s (EDL), 110kbits/s (surface)

« RDA: 4 PDOs at 20Hz (velocity and distance from ground), 4 at 1 Hz (radar
configuration and status), 1 SDO for EEPROM download

« RTPU: 20 PDOs at 10 Hz (pyro prearm/arm/fire/output status, THR LCL/valve
status, pressure transducer/sun sensor status, heater switches status), 37 at 1 Hz
(thermistors and thermocouples), 1 SDO for THR commanding (18 bytes) at 10Hz

« Average bus load: 55kbits/s (EDL)
d IMU: updated every 10ms, 10 words (3 angles and 3 velocities 3 status 1 checksum),
ESA UNCLASSIFIED - For Official use 16 bits each, at 200 Hz 17/10/2018 | Slide 12
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EDM - DH budgets

;
92
Q

O Packet stores configuration

8kbps VCo
Od MM budget >
_ During EDL UHF transceiver was
:CTHJCoaslinga'ld&l'faaem E .
: set in Tx Force, no Prox-1 control
H flow enabled, 8kbps.
LFKS 0 !
i BN ...: All Bits recovered by TGO.
= | 1
(Mon essential) -E-I
TH packets LPKS 2 / : H“l"‘f_
e P il | [Bits] [Mbits] Limits
R i | EDL essential data 2890256 2.8 100
— Tl |eksa EDL NON Essential Data 38624080 b) 36.9
Sru o eks2 DECA Data 32149340.16| 30.7]
™ : ! LPKS 3 Dreams Data 52428800 50.0
=2 / -! " |rksa Coasting Data 70903680 b 67.6
Heren® I LPKS 5 Surface data 12134400 b 11.6
""""""" ' TOTAL 199.5 Mb 200 Mb
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“CAN trace” log from Mars

@© Monitoring and Analysis

<« ¢ o

desa

Wonitoring and Analysis

Wanage Profiles

Reporting

View Log

Help

About

Kearch
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? - _____° |

L@ =

Logout (Ibolegning) #

AlDsta | Search

2 53 BaM-2016
(2] Matrix Displays
[ (1) Frofies

+ | EXM201.. ¢ %

®normal Opoy OLast N

End |2016-10-19 14:56:08

Refresh Export [JAuto-refresh

EXM201... ¢

x

| spr

Mnemonic [LMS | Description | Japp |

EventID | | Tvpe [ | subType| |
DateTime Time Quality 55C Mnemaonic Description
2016-10-19 14:47:17.325 GOOD 39 LM574025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:17.325 GOOD 39 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:16.326 GOOD 38 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:16.326 GOOD 38 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:16.325 GOOD 37 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:16.325 GOOD 37 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:15.769 GOOD 1 LMS95025003 TM_CEU_DATA_HK
2016-10-19 14:47:15.769 GOOD 1 LMS95025003 TM_CEU_DATA_HK
2016-10-19 14:47:15.326 GOOD 36 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:15.326 GOOD 36 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:15.325 GOOD 35 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:15.325 GOOD 35 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:14.331 GOOD 34 LMS73025003 SURF_INIT_LF_RT
2016-10-19 14:47:14.331 GOOD 34 LMS73025003 SURF_INIT_LF_RT
2016-10-19 14:47:14.326 GOOD 33 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:14.326 GOOD 25 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:14.325 GOOD 32 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:14.325 GOOD 32 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:13.326 GOOD 31 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:13.326 GOOD 31 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:13.325 GOOD 30 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:13.325 GOOD 30 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:12.326 GOOD 29 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:12.326 GOOD 29 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:12.326 GOOD 29 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:12.325 GOOD 28 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:12.325 GOOD 28 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:12.325 GOOD 28 LMS74025003 SURF_INIT_MF_RT_2
2016-10-19 14:47:11.326 GOOD 27 LMS77025003 SURF_INIT_MF_RT_1
2016-10-19 14:47:11.326 GOOD 27 LMS77025003 SURF_INIT_MF_RT_1

<
Shawing 1 to 500 of 1,720 entries

LMS95025003 - TM_CEU_DATA_HK (2016-10-19 14:47:15.769)

RDR40CIZ

RDR40D4Z
RDR40E4Z
RDR40F4Z
RDR40G4Z
RDR40H4Z
RDR4014Z

RDR40K4Z
RDR4005X
RDR40A5X
RDR40B5X
RDR40CS5X
RDR40BCZ
RDR40BDZ
RDR40BEZ
RDR40L4Z
RDR4004X

BREAnRGT

WW 0w W0 W0 0000000 W 00 m W0

CEU_HK_CCP_DERR
PH_POW_STS
UARES_POW_STS
DUMMY1_POW_STS
BATTSW_POW_STS
CAING_POW_STS
CPU_POW_STS
ADC_POW_STS
CEU_HK
CEU_HK_SCET
CEU_HK_ANA
CEU_HK_CCP
CEU_HK_ANAO_DMY
CEU_HK_ANAO_CHO
CEU_HK_ANAO_CH1
DUMMYZ_POW_STS
DAT_PWSTS_CEU_HK
FEN e ANAT Fn

25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283
25 1283

NCO_ERROR
OFF
OFF
D_0

OFF

1.8983736E7
1.8983736E7
1.8983736E7
1.8983736E7
1.0

33.0

171.0

0.0

128.0

1an

1258777001
1258774001
1258774001
1258773001
1258773001
1258777001
1258777001
1258774001
1258774001
1258777001
1258777001
1258774001
1258774001
1258777001
1258777001
1258777001
1258774001
1258774001
1258774001
1258777001
1258777001

DEEEEEEEEEEEEEEEEEEEE

Close

-~

Parameters
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2020 Mission — SCC Overview

The ExoMars 2020 mission SCC has a 2,900 Kg —
mass at launch of which, 120Kg and 145Kg
propellant for the carrier and DM respectively.
SCC includes:

O Carrier Module (Eu), 850 Kg
O DM-CM separation system (Ru) , about 40 Kg

O Descent Module (Ru) mass of 2,000 Kg
including

OLanding platform and Rover

ASignificant European contributions
from 2016 mission and new

O Rover Module (Eu), total mass 345 Kg at

launch, mobile mass 310 Kg. Life time 218 sols,
inclusive of 9 PPL (ESA, NASA, ROS)

ESA UNCLASSIFIED - For Official Use 17/10/2018 | Slide 15
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2020 Mission overview

Phase

Event

Remarks

Launch

Liftoff and Escape: 2020/7 /25 (LPO)-
2020/8/13 (LPC)

20 day launch window with 6 days of
launchability

Early Orbit Phase

Launcher Injection Correction
(LIC=TCM1) within 7 davs after
launch

¢ Clean-up manceuvre (TCM2) within
20 davs after launch
+ Sun pointing attitude for 50 days
atter launch
Interplanetary Transfer _
+  Earth pointing attitude for
remainder of ernise
¢+ Increasing navigation campaign
Approach phase ¢ TCM3a-5at EIP -30, -8 and -2 days
o Targeted CM-DM separation at EIP-
30 minutes
EDL Mars landing on 2021/3/19 for any day

of the LP (Ls 19 deg[)

Surface Phase

Conjunction event in earlv October,
2021

Assumed begin of global dust storm
season (Ls 180 deg): 2022/2/25

ESA UNCLASSIFIED - For Official Use
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# The conjunction event will cause
an interruption of surface
operations of TBD days

s  The actual start and the effect of
large dust storm events are TBD
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Nominal Mission (Lounch 2020/7/25
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2020 Mission overview - DM

Mission Phases and GNG Tasks
_ INERTIAL NAVIGATION

1. Separation

_Slide 17
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SCC avionic architecture e esa

f CARRIER MODULE (CM) \ffCM—DM ADAPTEN

Descent Module (DM)
| REAR JACKET (R)

*:

ROVER MODULE

i i

e 11 date: 19/09/2017 .._g
B rwon :| [E— — 13
5 Data Handl. Sys, ——  Discrate lines i
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DM - DH subsystem {tesa

>TER Descent Module (DM}
r eneem oo

O ESA OBC1: classic OBC architecture (redundant) including a
dedicated low power mode (switch-off of inactive “hot”
sections), a power distribution section with 4(+4) LCL lines +
2(+2) heater lines. Management of CM in cruise and DM during
EDL and surface, FDIR, GNC SW and sensor/actuator I/F, X-
band transponder and RFDN, TM/TC data rate selection, Mass
Memory data storage and CM/DM separation activation.

O CRTU (CM): classic RTU (redundant) with propulsion boards
for THR driving and two 1553 bus extenders (option for CAM).

O CU: Russian “"RT” unit dedicated to interface OBC1 to
Russian units for commanding purposes, for actuating Low
Thruster Engines (LTE), controlling the DM heaters and DM
pyros and monitoring purposes (TCS thermistors, Russian units
health status)

O DM TCACU to control and monitor the Breaking Engines.
O BIP to interface Russian P/L.

ESA UNCLASSIFIED - For Official Use 17/10/2018 | Slide 19
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DM - DH subsystem (2)

a 3 platform buses:
« 1553 CM bus (redundant): OBC1, CRTU,
CPCDU, STR-1, STR-2, X-DST-1 and X-DST-2

« 1553 DM bus (redundant): OBC1, PCU, TCACU
(thruster control actuator control unit), IMU-1,
IMU-2, CU and BIP.

« CAN like RS485 + CANopen DM bus
(redundant): OBC1, Radar Doppler Altimeter,
UHF-1 transceiver and UHF-2 transceiver.

Classic DH interfaces (ASM, TSM, BSM, HPC, BDM)
Ad-hoc pressure transducers and sun sensors
Redundant RS422 for rover TM/TC exchange

O RS422 for TM/TC Interface with UHF transceiver (same
type for the Rover link)

U 0o

ESA UNCLASSIFIED - For Official Use
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DM - DH subsystem (3)

d GNC main control loop at 10 Hz
« THR commands at 10 Hz
« Radar TMs acquired at 20 Hz (linear velocity and distance from ground)
« IMU data (gyro and accelerometer data) acquired at 100 Hz
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DM - CAN bus architecture ‘\\\ eSa

O Architecture inherited from 2016 mission, i.e. single network based on two physical redundant buses
(redundancy management enabled during EDL) with selective bus architecture.

O All slave nodes (recurrent units from EXM2016) are equipped with ESA/SITAEL CANopen Controller IP
core, ESA OBC1 will run a tuned CANopen SW stack from Vector (recurrent from EXM2016).

O UHF transceiver SW adapted to communicate over a CAN network with 50ms SYNC.
O Physical layer based on CAN-like RS485

a TM/TC protocol based on CANopen (mainly PDOs, SDOs used for reliable commands and large data
exchange, i.e. SW patch/dump), 100ms TM/TC windows within SYNC messages (50ms SYNC period). 1Mbps.

ESA UNCLASSIFIED - For Official Use

O Bus redundancy management via Heartbeat message. § TM sub-window {CMD sub-windorw] TM sub-window
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DM - 1553 bus architecture “@Sa

O Standard 1553 physical and protocol layer.
O Bus Major cycle at 1s, divided in 20 Time Slices (TS) of 50ms.

O Each TS is partitioned in 10 periods of 5ms (Bus Time Slots — BTS). BTS is the
time unit used for static allocation of the transactions (a set of 32 commands
blocks is associated to each time slot).

O Each BTS is partitioned in 5 periods of 1 ms (ticks). Tick is the time unit used

for static allocation of ASW task windows. = Major Cycle 1s
F— 50ms—1
O Bus redundancy enabled during EDL. U I e N [ R
- — 5ms—
BTS 0 BTS 1 BTS 2 BTS 9
||||6 ||IQIQIQIQIQIQ | BEERRR |
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DM - DH budgets

O Cruise (including BIP check-outs):

Transferred data in
Bus one Bus cycle (1 sec) Bus Occupation Margin
[kbit]
1553-1 45918 45 92 % 54,08 %
1552-2 136,70 13,67 % 86,33 %
O EDL:
Transferred data in
Bus one Bus cycle (1 sec) Bus Occupation Margin
[kbit]
1553-1 30476 30,48 % 69.52 %

EDL data volume is lower than cruise, because although TCACU commands are added and triggered every 100
ms (640bits command, 1000bits status), BIP check-outs (managed via pre-allocated Data Block transaction to
be enabled/disabled) are removed from EDL budget.

d Surface (no IMU/TCACU data, BIP science data transfers):

Transferred data in
Bus one Bus cycle (1 sec) Bus Occupation Margin
[khbit]
1553-1 337 82 33,78 % 66.22 %
ESA UNCLASSIFIED - For Official Use 17/10/2018 | Slide 24
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DM - DH budgets

d EDL:

O Surface:

ESA UNCLASSIFIED - For Official Use
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EDL Traffic
Data volume per CAN Data volume per CAN Bandwidth margin Bandwidth margin
Active Unit cycle wio stuffing cycle with stuffing wio stuifing with stuffing
[klit/s] [kbit's] [*a] [%:]
ROA 11,61 13,93 98,84% 98,61%
UHF-TCVR 432 519 99,57% 99 48%
ESA-OBC1 1,12 1,34 99,89% 99,87%
Total 17,05 20,46 98, 30% 97,95%
PLTE/SURFACE Traffic
Data volume per CAN | Data volume per CAN | Bandwidth margin | Bandwidth margin
Active Unit cycle wio stuffing cycle with stuffing wio stuffing with stuffing
[kbit/s] [kbit/s] [%&] [%a]
UHF-TCWVR 432 519 99,57% 09 48%
ESA-OBCA 1,12 1,34 90,89% 09, 87%
Total 544 6,53 99,46% 89,35%
= 1= = T il - o= -- 811 = e mm vl

—

]

=
(4

®
7
QD

17/10/2018 | Slide 25

European Space Agency



DM - DH budgets {=esa

O Packet stores configuration
O Real time TMs fixed to 8kbps during EDL

0 MM budget and TM plan in progress (max 150Mbits/sol for SP, considering nominal TGO
passings)

Real Time TM STE
VvCo

Enable/disable Mass Mem ory Real Tkne —-9\

TT&C ASW

Pause/Resume downlink To transponder
—
TM packets
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