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SCIENCE OBJECTIVES
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Einstein Weak Equivalence Principle

Eötvös parameter
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S. Schlamminger et al 2008
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MICROSCOPE Objective : " # $��$%

Do a feather and a weight 
fall the same way?
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Principle of the test in space

Comparison of the measured 
accelerations (a1 & a2) applied on a pair 
of test-masses when orbiting on the 
same orbit in the Earth’s gravity field 
(7,92m/s² @ 710km)

SUREF = 2 test bodies in Pt(Rh10%) : 

�	should be

0 � '(')*�)�+' � ,'))�')�+'-

SUEP = 2 test bodies in Pt(Rh10%) vs 
Ti(Al6%V1%) for the EP test

The measurement axis, X, is in the 
orbital plane = cylinder axis

. is the direction of interest for the 
measurement of acceleration:

Relative motion of Earth around TM is at 

fEP = measurement frequency
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THE SATELLITE

Launch on 25th of April 2016 in sun synchronous 18h orbit @ 710km  with an 
eccentricity < 1.5x10-3

Orbit accuracy determination : 1m (hybridization of Doppler effect & GPS)

Satellite of 301.4 kg based on MYRIADE microsatellite family

210 W including 40W for the payload (both sensor units ON)

© CNES / Virtual-IT 2017
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THE SATELLITE

GPS antenna
IDEAS

De-orbitation system

4 pods of redundant thrusters
Propulsion Wall System (reservoir+electronics)

GPS Antenna

Thermal baffle 

Star tracker

Thruster pods

Thruster pod
TM antenna
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THE SATELLITE

The Payload at the core of the 
satellite in a thermal cocoon and a 
magnetic shield

The reservoirs of cold gas are 
distributed on 2 walls of the satellite

All electronics are on the walls 
except payload high resolution front 
end electronics
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THE SATELLITE

The Payload at the core of the 
satellite in a thermal cocoon and a 
magnetic shield

The reservoirs of cold gas are 
distributed on 2 walls of the satellite

All electronics are on the walls 
except payload high resolution front 
end electronics

A de-orbitation system is placed on 
the solar panel side : 2 wings will 
deploy at the end of the mission to 
make the s/c fall in 25 years (instead 
of 75 years).

© CNES / Virtual-IT 2017
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THE PAYLOAD
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X+

X-

THE PAYLOAD

Test-Masses

Silica cylinders for 

electrodes set

Vacuum system

Blocking system

Circuit boards for coax. 

connections

Hermetic connectors

Base plate assembly for high 

accurate positioning
24 bars chamber

Electro-valves

X

ICU : digital control laws, 
data conditioning

FEEU : 2 low noise
Electronics unitsSU: 2 Sensor units REF + EP 
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Accelerometer Servo-loop Principle

Vy

-Vy

Vp+
Vdsin(ωdt)

Vdsin(ωdt)

e-y

Capacitive DetectionCapacitive Detection

2 S
C =  y
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ε∆

PID controller

Voltage amplifiers
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e+y

24bits ADC

16bits DAC

S/C OBC
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Electrostatic forces and acceleration 
measurement
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Electrostatic
stiffness

Electrostatic
gain

Non linear
term

Measurement
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In space, the accelerometer measures: ,Γ9/;��-
X

2
x p x

 R
a =  V  V

me

πε−
Along X

No theoretical
stiffnesses or 
nonlinearities
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ACCELEROMETER = pair of concentric test masses

PTB: 
-TM development

ONERA:
-US machining 
of electrode sets
-Gold Coatings
-Inner connections
-Integration
-110°C outgassing
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Gold wire

∅7µm
L25mm
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THE FAMOUS GOLD WIRE

Electrical test:
250 V applied 
on electrodes 

to move gold wire
and check no contact

with electrodes

Gold wire generates
Stiffness & Damping
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DFACS : control loop of 6 degrees of freedom

Cold-Gas
PropSyst

Drag free 
control 

laws

Attitude 
control 

laws

Thrust 
Repartitor

Hybridization 
filter

Star Tracker

6-axis 
accelerometer

attitude
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Attitude measurement

Angular 
Acceleration 
Measurement

m
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Estimates

MCA software : 4Hz measure sampling rate

comT
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Linear acceleration 
measurement

m
γ

Bandwidths: 12 SU control loops (1Hz) + 6 DFACS loop (0.1Hz) 
+ 8 thruster loop (10Hz)

Angular stability @fep better than 0.4µrad

Drag-free @fep better than 10-13 m/s²

Secondary 
Inputs

For 
CAIBRATION
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ROLE OF ONERA

• Mission design, definition & 
analysis + in-flight calibration 
development…(with Perf. Group)

• Performance (mission, 
instrument), ground tests, 

free-falls…

• Instrument development, 

production, integration,

qualification, test, delivery, 

s/c integration

• Science Mission Center
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In-flight measurements
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Scientific and operational organization

Mission performance and scenario supervision

Scientific exploitation

Monthly + when required

Implementation, processing and 1st analysis

Daily

Operational coordination

1h / week

CECT Ops

Mission & 

Drag-free monitoring

CMS Ops

Mission & 

Payload monitoring

CCC Ops

Platform & Ground Segment

CECT CMSCCC

SWG

Processing and analysis, expertise

Weekly + on requestGEX

Payload environment 

expertise

SPG

Payload, 

Performance & Science

GCO GPOM

CCC : Mission Control Centre in CNES
CECT : Centre of expertise of DFACS in CNES
CMS : SCIENCE MISSION CENTER BASED IN ONERA

Developed in close cooperation with OCA
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Commissioning phase: functional test of all 
subsystems and performance evaluation

• April – June 2016: hard work, life is rich of unexpected events

• Cold Gaz thruster : minor anomalies corrected by software but bias is 
stable, noise <  0.3µNHz-1/2

• Star sensor: some Earth’s albedo light on border of images corrected 
by software (masks)
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2nd of May 2016 : TM release & 1st operation
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SUEP – titanium TM acquisition along X

75µm

0µm
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11th of May 2016 : Switch from Full Range Mode 
to High Resolution Mode (HRM)

Seconds

Acceleration of Xinner of SUEP

S/C is in MNOG
Magnetotorquer Control

Of the Attitude

Cold Gaz Thrusters used 
in combination with SST

to Finely control 
the attitude of S/C.

First Swith on of HRM
(science mode).
S/C is rotating 

with a small conic motion

20 CNES 6-7 of september 2017 – LISAPF / MICROSCOPE  workshop
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Inertial pointing during 1 day

X axis of SUEP

Y axis of SUEP – Normal to the orbit

Z axis of SUEP

Effect of Earth’s eclipse:  the Sun radiation is no more
pushing on the satellite => ~3 10-8m/s²  is the acceleration due to photons
Pressure on satellite

Orbital period

DRAG ~ 2 10-8m/s²

Photon pressure on s/c ~ 3 10-8m/s²

21 CNES 6-7 of september 2017 – LISAPF / MICROSCOPE  workshop
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Optimization of PID in flight thanks to 1kHz measurement capture 
during 8sec

=> improves linearity response during calibration
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SUEP

SUREF

PID < Jan 2017 PID > Jan 2017

PID < Feb 2017 PID >  Sept 2017
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Session in spin V2 – SUREF – Earth’s gravity 
effect subtracted

f_ep

Resolution @ fep

~	1.5 > 10�00�'�1?@�0/1

In good agreement with theory 

Theoretical gold wire 
damping noise with 

stiffness measured in 
flight

Spin V2 = 0.7 x 10-3Hz
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Thermal noise

F²

Position capacitive 
noise
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Session in spin V3 – SUEP – Earth’s gravity effect 
subtracted

Spin V2 = 0.7 x 10-3Hz

Spin V3 = 3 x 10-3Hz

f_ep

f_ep

~5 > 10�00�'�1?@�0/1

With 1000 orbits, statistical 
error rejected to 20x10-15m/s²

~2 > 10�0J�'�1?@�0/1

With 1000 orbits, statistical 
error rejected to 80x10-15m/s²

Increase of frequency from 0.9 to 3.1 x10-3Hz
=> Theoretical gain of 1.8 on the noise
But in orbit gain of 4 (not explained)

=> Needs 16 less time to reach the same perfo

Spin V2

Spin V3

24 CNES 6-7 of september 2017 – LISAPF / MICROSCOPE  workshop
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DRAG-FREE residues on SUEP IS2 (outer TM)

DF Control with low gain (11 may 2016)

25 CNES 6-7 of september 2017 – LISAPF / MICROSCOPE  workshop
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The commissioning phase results: Variations of 
Temperatures in the SU & in the FEEU

No signal @ 10µK level

No signal @ 10µK level

No signal @  15µK 
level between each end of the test-masses

Radiometer or radiation pressure effect

Γ �
0

1K
LM

∆O

O
	< 5 10-16m/s²

Γ �
0

1K
M

0P∆O

Q;
RSQ< 10-15m/s²

Thermal stability of parasitic forces

Sensitivity tests performed on May 
2017, under analysis 

Thermal stability of electronics biases

Sensitivity tests performed on May 
2017 => systematics of 0.7x10-15 m/s²

fEP

fEP

fEP

1 to 2 orders of magnitude better than specified 

FFT of temperature probes
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Science phase in one plot
Jan-2017 to June-2017

Science

Nominal

Coarse

SAFE

SAFE

SUREF
Spin V2

SUEP
Spin V3

SUEP
Spin V3

SUEP
Spin V3

Thermal & 
Magnetic 
sensitivity 

tests

SW anomaly 
(Star tracker 

dialog)

2017/02/01 2017/03/01 2017/04/01 2017/05/01
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THE SCENARIO OF APRIL 2017 : one of the 
typical science phase = 1 month

3
4

0
 o

rb
it

s
 o

f 
E

P
 t

e
s

t
S

c
a

le
 f

a
c

to
r 

m
a

tc
h

in
g

A
li

g
n

m
e

n
t,

 Y
 c

e
n

tr
in

g



29 - M. Rodrigues, MICROSCOPE Mission, Fundamental Physics in Space – BREMEN 2017

Scale Factor matching session

The drag-free operates on IS1

The measurement is biased by 
a sine of 5x10-8 m/s² 
@ fcal=1.25x10-3Hz

THEN IS2 measures
the sine with a factor (ratio of

the scale factor of IS2 and IS1) 
@ fcal

& non linear terms
@ 2fcal

K1is2/K1is1 . 5x10-8 m/s² 
K2dis2/K1²is1 . (5x10-8 m/s²)² 

K1is2/K1is1 . 5x10-8 m/s²

K1d = (1- K1is2/K1is1)/ (1+K1is2/K1is1

K2dis2/K1²is1 (5x10-8 m/s²)² 
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Scale factor matching (K1dx) 
& Quadratic non linear term matching (K2dx)

Spec domain 
on K2dx

< 15000 (m/s²)-1

Uncertainty domain
spec for estimation

of K1dx 
± 2 10-4

• Sessions 206 & 208  have larger non-linearities (under investigations) 
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Offcentring estimation from Earth’s gravity
gradient effect at 2 fEP

Uncertainty domain
spec for estimation

of ∆z
± 0.1µm

Uncertainty domain
spec for estimation

of ∆x
± 0.1µm

• The offcentrings are extracted at the same time as the Eotvos parameter
• No corrections of scale factors or of non linear terms
• Dispersion on session 210 could come from non linearity at the limit of specs
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TUV_� with least-square fit in frequency domain

& MCMC Hammer

The scale of Eotvos parameter is hinted and biased until publication validation (on going)
Performed without correction of calibrated parameters

-

SUEP result with least-square fit 
over 1075 orbits
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The status of the mission scenario

• Propulsion : 60% of the available cold gas has been consumed

• PAUSE from May 2017 to August 2017

• The science sessions start again in September 2017

• With the remaining gas, we will cumulate another 480 orbits for SUEP and 424 
orbits for SUREF dedicated to EP test  until end of February 2018:

=> Concerning stochastic noise, we should gain 10% in performance for SUEP 
and 30% for SUREF 

Orbits nb. 11/05/2017 SUEP SUREF Total

Commissionning Phase 829 15%

Moon, Eclipse (TSAGE OFF) 2177 39%

Others 609 11%

Transitions Transitions 112 2%

EP test 1205 368 1574 28%

Calibration 196 103 300 5%

Technical

Science
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Mission scenario 

Technological tests to be end in Fall 2017
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CONCLUSION

• MICROSCOPE has flown 8000 orbits (equivalent to 2 times distance Earth vs Sun)

• About 25% are used for Science. The satellite delivered a lot of valuable and 

outstanding data 

• End of mission foreseen within one year

• Some data have been distributed to selected labs by SWG

• Firsts results are under reviewed in PRL, we hope to get a green light soon and 

communicate more in details

• The final paper release is expected to 2019 with a large distribution of the data
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MICROSCOPE : the success of a team

CNES / OCA / ZARM / ONERA

Performance meeting (since 2004 : 126)
CNES / ONERA

Commissioning phase in 
Toulouse control center


