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Nanoforce estimation with Kalman filtering
applied to a force sensor based on
diamagnetic levitation.
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Only force effects can be directly measured

A force sensitive part (transducer) is needed

RN

Deformation I Displacement :
of an elastic pstructure : of a rigid seismic mass I
when a force is applied on it I when a force is applied on it :

Deformations or displacements measured with appropr late sensors

Knowing the effect, the cause (ie the force) must be reconstructed
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Development of a new sensor with small stiffness an d a large force measurement range

% deflector
Transd Macroscopic seismic mass PR
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Mo
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stability - & a repulsive physical principle diamagnetic Graphite
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Passive force sensor with magnetic springs ¥ & [
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easy to produce with classical .

assembly approaches
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Maglevtube Force measured: along x axis
(seismic mass) Stiffness: 0.005 N/m to 0.03 N/m
\ Typ. resolution: 0.5to 5nN
P—: Range: 1 nN to 40 pN
Mass: 20 to 80 mg
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Environmental noise Measurement noise
m* (kTy)
F.(t) x® STIL confocal e
X chromatic sensor
T, (0.01s)
N
Fo(KT)
mxk(kTs)
A Priori information :
- Confocal chromatic sensor measurement noise
Uncertainty model for F | (KT,) . S
(Wiener process) - 2nd order dynamic model of the seismic mass

- Uncertainty model for the force F,
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Zero-mean white gaussian
noise v

Confocal Chromatic sensor with E[v,] = R
specifications (CL2 + MG140) :

R=1.44x10" m?

- Measuring range : 300 pm
- Working distance : 11 mm
- Axial resolution : 0.012 um
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distance (m)

e | (experiment)
X (reconstruted)

|

I8t
_______ yg _____

Measured by confocal sensor and reconstructed ZIR of the maglevtube
displacement

F (1)

Identification done using  Zero Input
Response (ZIR) of the maglevtube

Gives the parameters of the
maglevtube dynamic model,

including :

. . X
- magnetic stiffness K",

- viscous damping coeff K"

- maglevtube mass m

X(#)=AX()+BF(t)
o) = C X (t)

0 1 0 ,
[ k] o-]l]
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Input force model based ona stochastic Wiener process
F(t) = w(?)

with w(t) a zero-mean infinite-variance whit e gaussian

stochastic process

Autocorrelation function of the w(t))cess IS :
qbw,w (T) — WF 5(’7’) Vr € IR

with W its power spectral density
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zoh discretization
lL (sampling period T,)

F =eATs

= [wr

:[(Ek jik- Fk]T

wi wf]

and : Q=F [Qkﬂz] = Wgn(Ts)
T

n(T,) :/ At MM T AT
0
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Environmental noise Measurement noise

l

m*, (KT,)
X(® STIL confocal S

chromatic sensor

T

T, (0.01s)

F(1)

mxk(kTs)

Uncertainty model for F (kT,)
(Wiener process)
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Force estimati

mxk(kTs)

myp = T + Vg
Evi] = R

Xguc—l =F X4
Ppjp—1 = FPe 1 FT 4+ Q

N
K, = Pk|k_1CT (CPk|k_1CT + R) ! > FX(kTS)
Xi = Xt + Ki (mi - CXEUc—l) ﬁ‘k =Cp f(g’
P = — KiC) Pjj—1 Cpr = [0 0 1]

Uncertainty model for F (kT,)
(Wiener process)

Adjustment of the compromise
between time response and
variance of the estimated force
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Estimated force (N)

—— F} (Kalman)

5 10 15 20 25 30
time (s)

Experimental pull-off force measurement
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Pull-Off measurem

Force estimation (N)

- ﬁk = Ko 5
—— Fj (Kalman)
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o o i Maglevtube
Friction study conditions : . © o m
Mstructures with ©40 pm and @100 pym spheres I <
Glass substrate cleaned in ethanol Fr
Y % relative humidi
20% to 30% relative humidity Substrate moved by a
translation stage
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- 1 and nanoforce estimation based on a Kalman filter

- One parameter to set for adjusting the trade-off b  etween
resolution and response time.

- Process implemented in DSP on a experimental platf  orm with
good results.
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SPECIMeN Group

Sensing strategies, Perception and
Characterization at Micro- and Nano-scales

AS2M Dept — Automatic Control and Micro-Mechatronic Systems

http://www.femto-st.fr/fr/Departements-de-recherche/AS2M/Accueil/




