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Motivations

Smart home sensors + Robust data fusion
= Indoor location tracking,
= Activity Dailing Living characterization.

Indoor location tracking
= set-membership state reconstruction

Robust to sensor failures
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Classical Estimation

Classical estimation is probabilistic

Confidence sets
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Yield valid results only if

@ Perturbations, errors and model uncertainties
with statistical properties known a priori

@ Model structure is correct, no modeling errors
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Set Membership Estimation

Unknown but bounded-error framework

Solution set

D14
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Set Membership Algorithm
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Uncertainties and errors are bounded with known prior bounds l

A set of feasible solutions

S={pePlf(p)cY}=F1Y)NP
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e Set Membership Estimation
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State estimation with continuous systems

Prediction - Correction / Filtering approaches
(Kieffer, et al., 1999) ...
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[ Set Membership Estimation

UNIVERSITE D'ORLEANS

Set inversion. Parameter estimation

Branch-&-bound, branch-&-prune, interval contractors ...
(Jaulin, et al. 93) (Raissi et al., 2004)
S={zeZ, [f(z €Y} —-SCSCS

f([z]) CY = [z] C S : inner approximation
fF(2))NY =0 = [z] £S:outer approximation = [z] C Z\S
otherwise partition ...
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Al Binary sensors
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Figure: Infra-red sensor coverage

12



il Binary sensors
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Figure: The Living Lab : GIS Madonnah at Bourges (France)
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System modeling

Xk+1 = (P(yk+1) A (A(xk) + wik))V
(mP(Vks1) A (F2(xk) + wak))

Yk+1 = h(Xkq1) + Vg
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Predictor-Corrector Approach

Prediction step

Xie1 = (Pies1) A (X)) V (2P (ver1) A £2(Xk)) + Wit

Correction step

X1 = h= ' (yie1 + Vis1)
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il Prediction step : random walk
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Figure: Prediction step
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Prediction step,
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Figure: No movement detected
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Use of RFID sensors

Figure: Result of three rings intersection
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ﬁ Correction step
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Figure: Correction step
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ﬁ g-Relaxed intersection

UNIVERSITE D'ORLEANS

21



ﬁ q-Relaxed intersection
Al (JaUIin, 2009)
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n=3 boxes
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I g-Relaxed intersection
el (Jaulin, 2009)

A
n=3 boxes (?.n-l)2 = 25 boxes
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S g-Relaxed intersection
il (Jaulin, 2009)

A
n=3 boxes (2n-1)* = 25 boxes
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ﬁ q-Relaxed intersection
Al (Jau"n,ZOOg)
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Location Tracking using
binary sensors only

UNIVERSITE D'ORLEANS

I BATHROOM | BEATHIKOOM £ | HATHIROOM
. | @ i @ @
e - - -
N 1 ] . |
e ———— s N : o ——— =] : o ——] t,= 28s — —
+*
HALLWAY \ HALLWAY t,= 20s HALLW:
'1= 205
| =  ———4 — —
.
. ty=57s l l
1 BA THROOM 4 KA TTIROOM KA TTTROOM
-~ - I .. 7—’7\ -
c | ol o
" S — e sunts: = s —
HALLWAY HALLWAY HALLWAY
+ Real position Location zone ."L.

Figure: Reconstructed location zones
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ﬁ Location Tracking using
..|I|”||||II binary sensors = RFID RSSI

—_—
i i ‘ | t,=57s ' I
4 BATHIROOM i < I BA TTIROOM I <, | l BATHROOM
o '
, o | ¥ | o
| = ——— ] — e t,=28s |— — e — —
HALLWAY t= 20s A HALLW: A HALLWAY .
.2 — T
i l i l E t,=57s l
< EA THROOM 4\ KA THROOM <. BATHROOM
7 7
o , y | o
E——sm — S— ﬁ — — — S—— S—
Es—E )
HALLWAY ty= 20s HALLWAY t = 28s HALLWAY

Figure: Impact of the use of RFID sensors
25



f Location tracking of
il single inhabitant (IEEE ICRA 2015)
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f Location tracking of
il single inhabitant (IEEE ICRA 2015)
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ﬁ Location tracking of
7t two inhabitants (IEEE CASE 2015)
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ﬁ Location tracking of
7t two inhabitants (IEEE CASE 2015)
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Research directions
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Use forward-backward predictions

Extend to multiple inhabitants
Use with multi-modality
Apply to FDI (IFAC SafeProcess 2015)

Combine set-membership and stochastic
modeling of errors.
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