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- The Science Mission Center : CMS-MICROSCOPE

Where do the data come from?

The mission data flow and tree
How the data is transformed for scientific users?

Specific data process
No data is perfected.

The current development of the Science Mission Center
The path beyond us.

ONERA




MICROSCOPE GROUND SEGMENT

=g L=

ONERA (CMS-M)

pi—(

@

Operational coordination
1h / week

Implementation, processing and 1st analysis
Daily

CNES +

CECT cMms
]| GCO | GcPom ]
CCC Ops CECT Ops CMS Ops
Platform & Ground Segnjent Mission & Mission &
Drag—freeAmonitoring Payload‘non/‘toring
: .
&l
GEX SPG
Payload environment Payload,
expertise PerformancAe & Science
.
CNES é

Ground stations

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, November 2¢ 14.
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Processing and analysis, expertise
Weekly + on request

Mission performance and scenario supervision
Scientific exploitation
Monthly + when required

ONERA
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CNES MISSION CENTRE

. CCC : Control Command Center

Standard from Myriad CNES missions (s/c
housekeeping, updates, orbit determination, ....)

Manage a few stations around the world for telemetry

and telecomand on satellite (time share with other
missions)

/WQ% Interface with CECT (Centre Etude de Compensation
@ de Trainée), the Drag Free Control Center

GCO: Groupe de Coordination Opérationnelle

e Link between CCC & CECT

jg . * Coordinates the stations selection wrt the need in
telemetry (nominal : 2 per day, but each hour possible
in critical mode or flight acceptance)

—
o ons cecrops * CooOrdinates the satellite command wrt station

Platform & Ground Segment Mission & visibilities

Drag—freeAmonitc
(]

SRS The s/c housekeeping

ONERA




CNES MISSION CENTRE

« CECT: Centre Etude de Compensation de Trainée
Specific center for MICROSCOPE

Interface with CCC through GCO group
Delivers the science data to CMS-M

Retrieves the updated scenario from CMS-M

GPOM: Groupe de Programmation Opérationnelle Mission
e Link between CMS-M & CECT

e mission scenario update (wrt s/c current runnlngzzgenarlo) @
GEX: Groupe d’Expertise

CcmMS

e Experts from CNES %’ — %‘M =
e Analyze of satellite performance N @ @
« Evaluation of instrument biases . o e
« Evaluates from satellite point of view prag-ieemontorng Feyloadgnontorng
any modification on scenario @<,@
* Reports to GPOM Pay/oadi%ronment P:Vlzgd,
expertise Performance & Science

NN
NN
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ONERA SCIENCE MISSION CENTRE @

« CMS-M:
Interfaces with CECT through GPOM group
Downloads the science data from CECT
Uploads the updated scenario to CECT
CMS_Ops: CMS operational pole

Daily downloads the telemetry —
ECT

Daily analyses the data and states on good cect I\CLSI
—

GPOM

health of T-SAGE == @
e Alerts CECT in case of anomaly @ @
. CE_CT Ops CMSAOps
e Prepares all data for science Mission & Mission &
. ) ’ag-freeﬁmon/tormg Payload4nomtor/ng

CMS_Sci: CMS science pole @ @

e Prepares and analyzes the data by sessions & =

e Alerts CECT in case of anomaly o

* Prepares data for EP test v

« Stores data for Science community &

« Reports to SPG + SWG swe

Q
N
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ONERA SCIENCE MISSION CENTRE

CMS-M:
Interfaces with CECT through GPOM group

Downloads the science data from CECT
Uploads the updated scenario to CECT

SPG: Science Performance Group
* Analyzes the performance of all components
E=

satellite (GEX) + T-SAGE (CMS_Ops)
e Adjusts the mission scenario on weekly time @

CECT

CECT Ops
Mission &

scale ag-free,monitoring
[}

&

SWG: Science Working Group GEX

wyload environment

e With the help of CMS_Sci, SWG supervises the experiise
mission performance and scenario orientation
* Adjusts the mission scenario on monthly time scale

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Nové nber 201
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CMS Ops
Mission &
Payload,monitoring
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SPG
Payload,
Performanci & Science
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OSCO?E

Summa ry ‘ \ a

« The Science Mission Center : CMS-MICROSCOPE

- The mission data flow and tree

« Specific data process

« The current development of the Science Mission Center

. N
Manuel Rodrigues, MICROSCOPE Colloquium /i, Onera Palaiseau, November 20143
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List of products CECT <-> CMS-M

« Down to CMS-M:

Level NO data:

* NOa: mainly rough data (not exploited except in case of anomaly, not
in chronology order, no attitude or orbit processed data), retrieved on
demand

* NOb: data organized by day (rough orbit and attitude, data holes,
health monitoring), retrieved each day (automatic)

* NOc: data organized by session (fine orbit and attitude, data holes,
@ health monitoring, perf report), retrieved each week (automatic)

AN ONERA
Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, November 2014 BT somictin
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List of products CECT <-> CMS-M ) ﬂ

« Down to CMS-M:

Each NO package : by TM (a) ; by day (b) , by session (c)
contains several packages

NO_ TSAGE: contains all data from instrument + S/C mode
NO_xxxx_ORBIT: For ORBIT and its determination (fine or rough)

NO xxxx_ ATTITUDE: For ATTITUDE and its determination (fine
or rough)

NO_MISSION: help reports for mission monitoring
NO xxxx REPORT: perf report of s/c subsystems

NO_PF: all other data from the s/c, not exploited by CMS_M tools

N ONERA
10 Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, No \, 014 . o o




List of products CECT <-> CMS-M

« Upto CECT from CMS-M:

The mission scenario: exchanged by CNES and ONERA through
a specific server : each week, to generate 2 weeks of on board
activity
The session sheets:

» Define the ‘elementary’ sequence of the mission scenario

e Ex: EP session in inertial mode with SU-EP of 120 orbits

» Ex: Acceptance test with SU-EP for Delta_y calibration of 2 orbits

» All the instrument parameters and associated s/c parameter to
configure the session is defined in the sheets.

e The sheets are validated @ ONERA level and qualified @CNES:
Command control compatibility, SCAA validation,....

e Only qualified sheets are applicable in the mission scenario
Other files : Calibrated parameters, T-SAGE flight software,
schedule of s/c unavailability (eclipses, Moon,...), memory
mapping....

The level 1 or 2 data are organised in reference to the mission scenario

NN ONERA
Manuel Rodrigues, MICROSCOPE Colloguium Ill, Onera Palaiseat, Nove. — e e st oa




CECT Produits NO »1 I

AL A
GPOM,
rapport
MAIL
BDS
Produits NO
LV
Rapports
du CMSM -
Scénario
de Travail| |Fiches
De
ksessior
\J
\ \Ad Fiches de session
- _ A >
- Scénario de travail >
- LV CMSM
-— < Rapports du CMSM
SERVEUR SVN BDS >
DEDIE ;
MICROSCOPE

N

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Novemb\e\
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NO_c Product description

class Modéles de stockage ... /

MIC_CECT HKTM <apid> <s date> <creation_date> <numSession> :File

1 . *
IJIDC_<start_date>_<creaiion_date>_ <numSession>|: 7,

Directory p——|

MIC_CECT HKTM_ TROUS <sta te> <creation_date> <numSession> :File

MIC_CECT_ORAM IC_EXP}REPORT_<start_date>_<creation_date>_<numSession> :File
1 \
’ MIC_CECT ORAM IC_PERFO_REPBRT_<start_date>_<c reation_date> <numSession> :File

VIIC_CECT_PRECISE_ATTITUDE_<%4g

_\kate>_<c reation_date> <numSession> :File

_date>_<§eation_date>_<numSession> File

AN

’ MIC_CECT_ZOOM IC_EXP_REPORT_<start_date>_<crea}\n_date>_<num3ession> :File
1 MIC_CECT ZOOMIC_PERFO_REPORT <start date> <c reation_chg > <numSession> :File

data telemetry (APID) Description of lack of data (holes)

MIC_CECT_PRECISE_ORBIT_<st3

ONERA
NN NN




List of APID processed in CMSM

Télémesure
N° APID . . Description
(mnémonique)

PMODESAT Télémesure permettant de connaitre le mode de mesure mode scaa

108 MNORTE1 Télémesure donnant les quaternions d’attitude et les vitesses angulaires estimées

Dump par bloc des parameétres des lois de commande par défaut stockés en

402 et 403 DUMPARBO | EEPROM ICU-REF ou ICU-EP

404 et 405 DUMPARTO Dump complet de tous les parameétres stockés en EEPROM ICU-REF ou ICU-EP

406 et 407 DUMPARAT Dump d’un bloc de paramétres de la table d’attente ICU-REF ou ICU-EP

408 et 409 DUMPARCU Dump d’un bloc de parametres de la table courante ICU-REF ou ICU-EP

410 et 411 ACCTM ACC_4Hz : TM Science a 4 Hz ICU-REF ou ICU-EP FOR EP TEST

TMHK TM_HK :TM House Keeping a 1 Hz ICU-REF ou ICU-EP

414 et 415 AUTOTS TM de I'Autotest ICU-REF ou ICU-EP

430 et 431 TMACKICU TM d’acquittement a une commande de | ICU-REF ou ICU-EP.

1470 EIFCU TM Anomalie ICU




class TM-1Hz-HK

_ Includes now

also @ date

D

Paramétres BDS
TSU1ICU
TSUZICU
TSU3ICY
TSW4ICy
TSUSICU
TSUBICU
driftPPS
MCDECURASW
CONFCURASW
JAUGEFORCE

SU_TM-HK

temperatured: int
temperature2: int
temperature3: int
temperatured: int
temperatures: int
temperature6: int
driftPPS: int
modeCourantASW: int

Les numéros des APID des télémesures HKTM 1HZ sont

412 : pourle SU-REF
413 : pourle SU-EP

- jaugeForce: int

- ConfigCourantASW: int

+ readPaquetAPID(int) : void

- angle_Phi: float

- angle_Psi: float

- angle_Theta: float
- Vd: float

- Vp: float

temperature_DET2: float

termnperature_VD: ﬂV

temperaturePCU_Nom: float
temperaturePCU_Red: float

2
[ [
IS_TM-HK FEEU Paramétres BDS
TRPFEEUICU
- pos_X: float temperature_TRP: float | _| typicy - temperatureDSP: float
- pos_Y: float temperature_VP: float TRDET1ICU -
- pos_Z: float temperature_ DET1: float TDET2ICU -

ControlFEEU

StatusFEEU

15 Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, N ven

I

Paramétres BDS

TDSPICU
TPCUNOMICU
TPCUREDICU

AN

1 Champ du paramétres

STATUSFEEU

divzero
cptSurcharge
overflow
arraur VICU
pertePS
perteLien

ONERA
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16

ControlFEEU

StatusFEEU

Cde_Vp: int

testFils Dor: bool
testecaptForee: bool
testAlimPt1000: bool
testVp_ext: bool
testVd_ext: bool
testVp_int: bool
testVd_int: bool

Paramétres BDS
CONTROLFEEU -

STATUSFEEU

erreurTimeQut: bool
erreurParite UART: bool
erreurOverflowUART: bool
ermeurRegADC: beol
configStat: bool
erreurADC: bool
erreurHK3: bool
erreurHK2: bool
erreurHK1: bool
erreurAROX1e: bool
erreurAROX1i: bool
erreurZ2e: bool
erreurZ2i: bool
erreurZ1e: bool
erreurZ1i: bool
erreurX2e: bool
erreurX2i: bool
erreurY2e: bool
erreurYZ2i: bool
erreurY1e: bool
erreurY1i: bool
erreurXi1e: bool
erreurX1i: bool
cptSurcharge: bool
divZero: bool
overflow: boaol
erreurLVICU: bool
perlePPS: bool
perieLien: hool

L arreur_ VICU
pertePS
perteLien

Alimentation CompleurSEU
- VP5v: float - EDADDM: int
- VP15v: float - EDASDM: int
- VM15v: float - EDADPM: int
- VP48v: float - EDASPM: int
- VWWM8Bv: float - ZTMHK: int

Paramétres BDS
VPS5V

VP15V

VM 15V

VP48v

VM A48V

SR
Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, INove

Paramétres BDS
EDADDM
EDADPM
EDASDM
EDASPM

ONERA
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class TM-4Hz-Accélérations /

SU_TM-4Hz

)

IS TM-4Hz

- date: int

- acc_X: float

- acc Y: float

- acc_Z: float

- acc_phi: float

- acc_teta: float

- acc_psi: float

- acc_Xep: float

- validAcc X int

- validAcc Y: int

- validAcc_Z: int

- validAcc Teta: int
- validAcc_Psi: int
- validAcc_Phi: int
- modeASW: Enum
numeroTableCourante: Enum

411 : pourle SU-EP

Les numéros des APID des télémesures science 4HZ sont :
410 : pour le SU-REF

.....

Paramétres BDS pour IS inteme

XINTICU
YINTICU
ZINTICU
TETAINTICU
PSIINTICU
PHIINTICU
XINTICUV
YINTICUV
ZINTICUV
TETAINTICUV
PSIINTICUV
PHIINTICUV

readPaquetAPID(int) : void
ComputeDSP() : void
ComputeDiff() : void
CompareAccYandBias() : void
CompareAccAverage() : void
CompareDiffDSP() : void

+ 4+ + + o+ o+

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Novembi

Parameétres BDS pour IS interme
XEXTICU
YEXTICU
ZEXTICU
TETAEXTICU
PSIEXTICU
PHIEXTICU
XEXTICUV
YEXTICUV
ZEXTICUV
TETAEXTICUV
PSIEXTV
PHIEXTV

ONERA
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mes,is2

—

mes,is1

mmmmm—— N1 LEVEL = NOc + SF+alignment

—

The measure contains Earth’s, satellite, instrument, physics contributions & eventual EP signal

Fus = Ko+ D} ()=l 3-20cor} f-[3 £ 850,,) J+ 01,

+ lzn’ , +Coupl (Q)

W
Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Nove
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VI\\C

o m
The Measure EP violation S o=—%*_

)

Fops =Koy + (][ G- 2lCor} [A-[3+55(0,) i L, +

Mgt

app c measquad ,d + 1—;l,d + COL[p l (Q)

Measured \ \ \ \ l \ \

Acceleration Earth Gravity gradlen Common mode \

Difference tensor acceleration
Computed with Model,

(8/C drag-free Control

S/C position & attitude 0 -0 o from Sensor common
and Removed [Corl=| . 0 -o, data)
w, 0

x

Common Mode Sensitivity Matrix Differential Mode Sensitivity
(Inst. Scale Factor & Attitude, Matrix (Scale Factor
Coupling) Mismatching & Misalignment)
Estimated by calibration Estimated by calibration

or limited by construction

Ka e+ 11y =0, -0, -0] 0,-0-& 0-0+d K,  n.+6,. n,-6,
ncz _ecz Kcy ncx + 60: [In] = a)x .wy +@ _wj _a)zz C()y 'Cl)z _&X ndz _edz Kdy ndx +6dx
ﬂqy +9¢y ncx _ecx Ka w)‘ 'wz _ﬁf’ wy 'wz +&;‘ _wf _wj ndy +0dy ndx x Kdz

Stochastic and Tone Signals to be considered with a limited observation period and some lacks of data

-2 Detailed Specifications for S/C Sub-Systems, Instrument Environment & Instrument Performances 1 0 -15
- Accurate in orbit calibration

- A posteriori estimation and corrections

ONERA

1&9 Manuel Rodrigues,
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mes,is2

—

mes,is1

A (Fmes,is2

(Fmes,is2 + 1_‘mes,isl )

N2 LEVEL

mes,is1

r,..(fep)

1_‘mes,ﬂlx (fep)

20

+ Cx _bOCx)

+Qﬁ)(
e +C, =Dy, )2 + (Fapp,dx +byy, )2 )

Searched EP signal

Impact of non linear terms

Impact of gravity gradient and s/c angular motion

Impact of residual acceleration through the difference
of 2 TM matching



What do we calibrate?

1
1_‘mes,a’x (fep) = 5 chx ’ 5 ) gx/sat
_ - MEASURED
1 chx Ax
N 6. [T =l A, CALIBRATED FOR
n.,—0., A, CORRECTION
= ot
Kldx
+ ndz + Hdz ( res g C)
_ndy - de i
+ 2 | KZcxx ] (Fapp,dx + bldx ) (Fresdf,x + Cx - bch) CALIBRATED FOR

+ Kdex ’ q(rresdf X + Cx - bch )2 + (Fapp,dx + bldx )2 ) VERIFICATION

R ONERA
Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, November 26 R
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Element to subtract to the measure

Measured needed

chx -Txx . Ax S/C attitude, position, date
S/C attitude, position, date

chx ) sz 'Az

Kiex ‘Txy ’Ay S/C attitude, position, date

(ncz +0c:z)'T){y 'Ay

S/C attitude, position, date

S/C attitude, position, date

2Ky T

resdf,x

Common mode accelerometer measure

2 (ndz +0, ) rresdf,y

Common mode accelerometer measure

2 (ndy - edy ) Fresdf ,Z

Common mode accelerometer measure

4. K2,cxx 'Fapp,dx ’ 1—‘resdf,x

Negligible, not corrected at the moment

2 2
2. KZ,dxx ’ (rresdf,x + 1—‘app,dx )

Negligible, not corrected at the moment

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau,




What do we correct?.... @fep

| chx 1 Ax
1
+5 7702+ecz [T—Il’l] A;V
_77¢y - Hcy AZ
— -1t
Kldx R _
+| 1, t Hdz ) (l—‘resdf + C)
_ndy - de i
+ 2 ) KZcxx ) (Fapp,dx t bldx ) (Fresdf,x

+ K 2dxx ((Fresdf X

+Cx _bch)2 +(F

app,dx 1

+ Cx _bOCx)

+b

J)

Mean

Square A(Ax )
Extraction K -0 0

of lex

3 parameters A(Az)

23

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Novembei \i\\

1_‘mes,abc (fep)
- —t
chx Ax
1
- E ncz + ch ) [T]computed ) Ay
| Ty Yoy Jcalibrated # Jcalibrated
— -1t
Kldx
- ndz + Hdz ) (Fmes,c)
_ndy B de dcalibrated
1
= Echx ) 5 gx/sat
[ K] AA,)
+ E 0 ’ [T ]computed ) 0
0 A(A,)
+ residues
NN ONERA
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LEVEL 1 DATA architecture : organized

mission phase and sessions

class Modeéles de stockage ... /

lLOc_<smrt_date>_<creaﬁon_date>_<numSession>

Directory

118
119
120
121
122
123
124
125
126
127

dateDebut

2016-11-16T06:44:59.554560
2016-11-16T07:36:39.554559
2016-11-24T15:36:39.540159
2016-11-24T718:34:59.540158
2016-12-03702:34:59.525758
2016-12-03705:33:19.525758
2016-12-11713:33:19.511357
2016-12-11T13:33:19.511357
2016-12-15T709:13:19.504757
2016-12-15T10:04:59.504757
2016-12-16T02:44:59.503557
2016-12-16T04:43:19.503557
2016-12-16T21:23:19.502357

nomFiche

EPR_V2_01_SUREF

EPR_V1_01_SUEP

EPR_V2_01_SUEP

TSNA

CAL_deltaXz_01_SUEP

CAL_deltay_01_SUEP

Num

4048
4049
4169
4170
4290
4292
4412
4412
4467
4468
4478
4479
4489

contrainte

" crit.
n Orb n Environnement - n

NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
LUNE

LUNE

NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE

duree

120.00

1

1

1 1.78
1 120.00
1 1.78
1 120.00
1 0.00
1 55.00
1 0.52
1 10.00
1 118
1 10.00
1 1.18

MISSION SCENARIO

etat

conso

conso capacite capacite

- GazZp - GazZm n Gaz Zp n GazZm n

AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE

180
27
180
27
180

08
15
18
15
18

180 5556.3 5356.3
27 5553.6 53536
180 53736 51736
27 53708 51708
180 51909 439508
0 51909 45890.9

0 51908 48308
0.8 5190.1 45990.1
15 51751 4975.1
18 51733 49733
15 51583 4958.3
18 5156.5 4856.5

class Modéles de stockage ... /

Accelerations :
Directory

Phase_<numPhase>

Directory

ession_<start date>_<creation_date>_<numSession>

Directory

_

N

Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Novem\b\\e\{§
N
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LEVEL 1 DATA architecture : Inertial se

directories for each session

Hession_<start_date> <creation_date>_<numSession3|:
Very similar to NOc but with
- A priori scale Factor applied (Volt ->
Physical value)
SU<EP/RERS - Correction of misalignment thanks to

Directory - p—

ground knowledge

15<1/2> :Directory

NOc -Diresio |_7 Acceleration<> :File

N1a :Directory

Acceleration<> :File

N1a_complet:

Directory - — |

Acceleration<> :File

25 Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseat, N or 2014, BT somictin



PRODUCTION OF N1 FROM NOc

object Collaboration ...

:DifferentialA ccelerometer

1.19: getApproxiOffCenteringN2a

f

T 1: getLinearParametersN2b()

T 1.1: getApproxiOffCenteingN2a()

-] 0: computeQuadraParameter()
J8: computeSensiMatrix()
.11: compute ApproxiTotal OffCentering()

=

:CalibratedParametersN1b

1.12: compute Approxi T otal OffCentering()
+“—

44— 1.13xcomputeQuadraParameter()

v |

:CalibratedParametersN1c

14: computeSensiMatrix()

:CalibratedParametersN1a

1.16: getParametersN1b()

K

K 1.2: getParamgtersN1a()

1.17: getMeasAccN1() /
‘/1.15: getMeasAccN1()

measAccN1la: measAccN1b :

f 18: getParametersN1c()

measAcoN1c :

MeasAccelerationN1

I

1.3: cormectMeasAccMatrix() —Pp

MeasAccelerationN1

L A

1.5 correctMeasAccMatrix() —P»
1.6: correctMeasAccQuadraParam() —p»

1.4: comectMeasAccQuadraParam({) —p»

MeasAccelerationN1

L A

1.7: cormrectMeasAccMatrix() —Pp»

1.8: comectMeasAccQuadraParam() —pp»

N1a

NOc data with the best estimation
of SF and alignment known on
ground

N1b
N1a corrected by the estimation of
SF and alignment known from the

most current calibration phase

N1c
N1b corrected of SF and alignment

known from the best fit of all
calibration phases

Diagramme de collaboration au
Niveau N1 pour un senseur inertiel

26 Manuel Rodrigues, MICROSCOPE Colloguium I, Onera Palaiseat, Novenibel

The data structure allows the
addition of other correction model

ONERA
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N1 LEVEL STRUCTURE

class Modéle Données...

TechnoData MeasAccelerationNOc

InertialSensor

+ getMeasAccelerationNOc() : VectorOfTime* 6

5 + getMeasAccelerationXscaaNO0c() : VectorOfTime + getType() : void
A
0.1
CalibratedParametersN1b
- approxiOff 1 ] 2
- approx?OffCeme + getType(): void + getType(}: void
CalibratedParametersN 1 = G ERiE
- approxiOffCenteringkz
- quadraticParameterN1: double*6 - approxiTotalOffCenteringKx o i 0.1 0.1
- sensitivityMatrixN1: double*6*6 <F— - approxiTotalOffCenteringKxscaa: offSentering
- sensitivityMatrixXscaaN1: double*6*6 - approxiTotalOffCenteringKy: offCentering
- approxiTotalOffCenteringkz offCentering 1 0.+ o
+ storeCalibratedParameters() : void - correctionPhase: Phase . L

s + ATTITUDE AND ORBIT

+ computeQuadraticParametersN1b() : void
- computeSensiMatrixN1b_sensor2() : void ® [T iy
computeSensiMatrixN1b_sensor():void [ e

computeSensiMatrixN1b() : void 0..20 1. gate: date
computeSensiMatrixXscaaN1b() : void \

setApproxiOffCentering() : void 1 computeCalibratedParametersN1a(y(} : void
computeApproxiTotalOffCentering() : void computeCalibratedParametersN1 b()(Phase) : void
storeCalibratedParameters() : void computeCalibmtedParamet e R
getQuadraticParam etersN1b() : double™ compute CalibratedParametersN2b(}Phase) : void

getSensiMatisN 1b() : double*6*6 / comectMeasAccelerationN1a(y() : void
getSensiMatrixXscaaN1b() : double*6*6

comectMeasAccelerationN1b(Phase) : void
comectMeasAccelerationN1c()() : void
comectMeasAccelerationN2a()() : void
comectMeasAccelerationN2b()(Phase) : vaid
comectMeasAccelerationN2c()() : void
getNumPhase(} : int

+ ok kot o+ o+ !

CalibratedParametersN1a

E T

+ setQuadraticParametersN1a() : void
+ setSensiMatrixN1a() : void 0.1
+ setSensiMatrixXscaaN1a() : void 1 0.
+ getQuadraticParametersN1a() : double*6
+ getSensiMatrixN1a() : double*6*6
+ getSensiMatrixXscaaN1a() : double*6*6
0.1
MeasAccelerationN1a
0.1 MeasAccelerationN1b MeasAccelerationNic
- correctMeas AccMatrix() : void - -
- correctMeasAccQuadraParam() : void * comctionPhas: Phacs + comectMeasAccMatrix() : void
+ computeCompletMeasAcc() : void + comectMeasAccMatrix() : void + CoﬂeclMeasACCQu‘adr?Param():vmd
+ getMeasAccN1a(): VectorOfTimes*6 + comeciVeasAccQuadraParam() : void i asiMes SN IC0 e CO
+ getMeasAccXscaaN1a() : VectorOfTimes + getieasAccN1b() : void *89stMeashccXseaaN1COREE
+ gelMeasAccXscaaN1b() : void 1
Phase

- number: int
- parametersN1b: double*31
- parametersN2b: double*37

setk21xx(double) :
setk22xx(double)
setad'11(double)
setk2dxx(double) : void
setad12(double) : void
setad13(double) : void
setd1x(double) : void
seld'1z{double) : void
setd"y(double) : void O N E R A
setac12(double) : void
setact3(double) : void

MeasAccelerationN1

- measAcc: VectorOfTimes's

- measAcc_cor: VectorOfTimes*s

- measAccXscaa: VectorOfTimes
measAccXscaa_cor: VectorOfTimes

dorsMsssAccelermtion : void E Colloquium Ill;” Onera Palaiseau, |
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class Modéles de stockage ... /

Data :Directory

>—

Phase_<numPhase>
Directory

Yession_<start_date>_<creation_date>_<numSession>|:

Directory —

Attitude :File |

Orbite :File |

Gradient_gravite :File |

I

Gradient_inertie :File |

Creator_<userName>

" Directory [ Phase_<numPhase>
Dire ctory ’_I—EsﬁmationB_<name_creator>_<name_es|imation> E
| Directory e
Description :File
HstimationC_<name_creator>_<name_estimation>| :
Directory
Description :File
[Techne_<numTechno>
] Qirectoly > SU<EP/REF> :

. Directory ‘—l— 1$<1/2> Directory
2 Techno :File

Phase_<numPhase>

Directory ’—‘
r Session_<start date> <creation_date> <numSession>|:
n Directory
n DeltaOffSet :File

ONERA
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PRODUCTION OF N2 FROM N1

N1 LEVEL

Par1a

61,2, K11, K12, K21, K22 |
estimation au sol Etalonwéage
K2y K22

61,2, K11, K12,

K1cA, K1cAt,

K21, K22

Parameétres a

un instant

donné

P ar1 b Interpolation R
P 4

4 61, 2K11, A _~
K12 Model_eﬁff
ggohrtron

Accla

Calcul

Calcul ges K2c

accélérptions
différergielle

et commune

61,2, K11,
K12, KicA,
K1cAt, K21,
K22
Paramétres
a tout instant

Paric

o1
t K12

K11,

» Acclb

et effet de I' évolution temporelle
des autres paramétres

|
I
I
I
[
Optimal sauf K1cA et K2 non corrigés |
|
I
I
I

u » Acclc

Calculde | 'Calcul de
de Calcul de certains “ceﬂains
81,2, K11, paramétres | 'paramétres
K12, KicA, parmi  'parmi
Kicat fc,d, K1d, | 1812 K11,
KicA, K2d, | IK12, K1cA,
K2c IK1cAt, K21,

. Optimal

sauf effet de I' évolution temporelle

Par2a

KicA
estimation au sol

N2 LEVEL

AS

: / : "\\i\\\
Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Nove er 20
e

I
I
odes paramétres I :: Optimal .°
B |
» Acc2b ] » Acc2c
|
I D e
Modeéle~._ ‘ [ c.d, g
v évolution | Kigd, K2d
Par2b . » Par2c
oc,d, K1d, Interpolation oc,d, K1d,
KicA, K2d, K2¢ KicA, K2d,
a un instant K2c
donné a tout instant

ParNx désigne les paramétres d’ étalonnage de niveau Nx
AccNx désigne les mesures accélérométriques de niveau Nx

\ \\\

Optimal sauf K1cA et K2 non corrigés

=

—; .. +9¢z
,]C_)' )

L. .(fep)

A

lex B,
[T ]compuzed' A;r

Z Jcalibrated|

o

calibrated

Kldx _
= ez, gdz L (rmes,c)
Ny — 6,

< dcalibrated
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N2 LEVEL STRUCTURE

class Modzle données... /

InertialSensor

+ getType() : void

CalibratedParametersN2a
- approxiOffCentering: offCentering*4
- approxiOffSetOffCentering: offCentering*3

+ i i ; ing™
InertialSensor1 InertialSensor2 getApprox!OffCentenng() i .OffCenterlng N A
+ getApproxiOffSetOffiCentering() : OffCentering*3
+ getType(}: void + getType(}: void 0.1
0.1 0.1
CalibratedParametersN2b + EP Parameters estimaded:
- parameters: double*29 d
0. 2 1 - correctionPhase: Phase
Session |+ applyANALYSE() :void Dx
- name: string 0.20| + getParametersN2b() : double*29 DZ
- number. int
- type: enum
- date: date
+ computeCalibratedParametersN1a(}(} : void
+ computeCalibratedParametersN1b()(Phase} : void
+ computeCalibratedParametersN2a(}(} : void
+ computeCalibratedParametersN2b()(Phase} : void
+ correctMeasAccelerationN1a()() : void
+ correctMeasAccelerationN1b{Phase} : void "
+ correctMeasAccelerationN1c()) : void L LT TP
+ correctMeasAccelerationN2a()() : void 1 .
+ correctMeasAccelerationN2b(}(Phase) : void 0.1 : ;2?;;:17::2?:5;2(5Y‘:/[:ctoroﬂ'imes“s
. ;:zﬁj:";:xg‘f'ﬁf“""mc%:"°'d + getDiffMieasAceN2c(): VectorOfTimes™3
+ getComMeasAccXscaaN2¢() : VectorOfTimes
+ geDiffMeasAccXscaaN2c() : VectorOfTimes
0.* 1
MeasAccelerationN2b
" 0.1 0..20
- correctionPhase: Phase
Phase MeasAccelerationN2a
n + computeMeas AccN2bWithANAL YSE() : void
o - comMeasAcc_X: VectorOfTimes Diffvi A | fTi o
- number: in ) i - comMeasAccY: VectorOfTimes + get | leasAccN2() : VectorOfTimes 3
- parametersN1b: double.31 - comMeasAcc_Z: VectorOfTimes + getDiffMeasAccXscaaN2() : VectorOfTimes
= pEmeEE il - comMeasAcc_Xscaa: VectorOfTimes + getComMeasAccN2() : VectorOfTimes*3
T - diffMeasAcc_X: VectorOfTimes + getComMeasAccXscaaN2(): VectorOfTimes
*‘g;”(‘““b'e): il - diffVieasAcc_Y: VectorOfTimes
::ad'::((ggtﬁ:ei- "°!: - diffVieasAcc_7: VectorOfTimes
e} : voi 5 . "
stkedxx(double) - void - diffMeasAcc_Xscaa: VectorOfTimes

setad12(double) : void
setad13(double} : void
setd"1 x(double} : void
setd"1z(double} : void
setd"y(double} : void
setac12(double}: void
setac13(double}: void
vidl luc

readFromACTENS(} : VectorOfTimes
computeDiffMeasAce(} : void
computeComMeasAcc(} : void
computeMeasAccN2a(} : void
computeMeasAccXscaaN2a(} : void
getDiffMeasAccN2a() : VectorOfTimes'3
getComMeasAccN2a() : VectorOfTimes*3
getDiffMeasAccXscaaN2a() : VectorOfTimes
getComMeasAccXscaaN2a(): VectorOfTimes

ONERA

THE FRENCH AEROSPACE LAB

B I

L N

Onera Palaiseau, Nove




OSCO?E

Summary N ‘“@

« The Science Mission Center : CMS-MICROSCOPE

- Specific data process

« The current development of the Science Mission Center

Manuel Rodrigues, MICROSCOPE Colloguium lil, Onera Palaiseat, November 201
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> Missing data because of teletransmission problems, instrument’s saturation due to

mechanical crackles...
> Effects on measurement:

Distortions in frequency space due to abrupt truncation
Increase frequency projections on EP-test frequency
Spectral leakage due to a convolution between the mask and the signal
>  Leakage particularly impeding for MICROSCOPE because of the high-frequency noise

T
— Full signal
— Masked (noise + sign

10-10 L

Gaps width distribution
T

10° kY L

™y TrrTy

Differential acceleration's spectral density [m/32 /V Hz]
-
o

107

107

10"
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aaaaaa

10°

100 10° 100 107 10°10°10"10°107 10" 10° 10
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10°® 10° 10* 1073 102 10 10° 10?

Ky

f [Hz]
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2 VHz)

PSD (ms™

A possible method

If we do not assume any prior knowledge of the noise PSD, one can
preliminarily estimate the noise correlations with an autoregressive (AR)
model : robust method even when data are missing

ARmodel (1) 4y X (t — 1) + ... + a, X (t — p) = €(t)

PSD estimation with AR EP estimation error Use AR model for data
model from gapped data with weighted least imputation
' . . ' ' s squares 10°
- = PSD of masked data : o T emated :’;’;0 sraws) — C‘omplete ;iata
— Estimated PSD with AR method (p=130) A ? ) o [| — Reconstructed data by Kriging method
10°}| — Estimated PSD with AR method (p=200) 0% 1008 ; : z 3 T
=— Real PSD 2%
fos 1070 [ S — T
3P0 S N NN N
0105 ‘ ‘ § 102 ——————————— | 3
0005 -2 -1 0 . £
Estimated value for EP parameter [ x10"'*] 10783 Lo
olé =1x107-15 : 5 5 ; 3 5
10 Lo — — L S
T e e e Uncertainty is acceptable v
Freauency (2 even if data are missing Freaueney e
ONERA



Inpainting and MICROSCOPE

(see poster in coffee break room)

> Inpainting developed by AIM/CEA, originally for 2D astronomy images; already adapted to
time series for asteroseismology

»  Extrapolation of the missing information with sparsity prior on the solution: there is a
function dictionary on which the complete data are sparse (very few non-negligible
coefficients) but the incomplete data are not sparse

e 101

un
EPV signal — masked
inpal

15}

1012 EPV signal

le-14 101

4 EPV signal

10722 EP
103 \ /
10 1073 107 10 10° 10!

10 f [Hz]

1015 '

0 L L A L
0.0001 0.0002 0.0003 0.0004 0.0005
f[Hz] 10-16

Blue: Least-Square fit of

a sine on the inpainted .,
ata 10 10 10° 10 103 1072 107 10° 10! N ONERA




The Science Mission Center : CMS-MICROSCOPE

Specific data process

The current development of the Science Mission
Center
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CMSM development status

- The CMS_Op: the operational pole
September 2014: successful 1st test of interface with CNES

oth of November 2014: start of technical qualification:

* Mission scenario exchange, modification,... like in flight

* NO production and process: verification of good health of the satellite,
of the subsystems and of the instrument: all software tools ready,
criteria of alert TBD, robustness of the system to anomalies TBD,
robustness of the system to data replay TBD

- The CMS_Sci: the science pole
The software is 50% ready
Basic production of N1a, N1b, N2a, N2b : OK
Some interface with OCA tools to be validated

Implementation of missing data correction or of more complex
calibration laws : To Be Done.

Objective: ready for June 2015

36 Manuel Rodrigues, MICROSCOPE Colloquium Ill, Onera Palaiseau, Noven 2014 T ——




Objective for September ,
READY FOR OPERATIONZ 5
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