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Introductory Example

Regression model with two modes

y (k) = ©p Wi +e(k)
Ve=(yk=-1) yk=-2) u(k—1))

o, — (a;n a;z by ) ifu=1
e (@ ap by )ifu =2
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Introductory Example

: : 15 ()
Regression model with two modes

1

Y (K) = 0, W] + (k) 05

Ue=(yk=-1) yk=-2) u(k-1)) 0

O — { (21 @z by )ifm =1 R S T R R
(@ ap by )ifpm =2 Input

4

: 0.2 | yk)

0.1
0
(a;n a;p by )=(-041 021 —0.14) o1
(@ ap by )=(-023 —0.11 0.16)
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Introductory Example

1.5

Regression model with two modes 1 ut9
0.5
y (K) = O ¥ +e(k) °
-0.5

Ue=(yk=-1) yk=-2) u(k-1))

o, — (a;r a;z by ) ifu =1
e (@ ap by )ifu =2

4

Numerical values

(an ap by )=(-041021 —0.14) My
(@ ap by )=(-0.23 —0.11 0.16)

v

(o] 20 40 60 80 100
Modes sequence
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Decision logic

{ ) <6=0u =(an awn b )

[r2(K)| 6= Op = ( 82 a2 bxn )
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Problem Statement

@ Input

@ Output

@ Number of modes

@ Matrices describing the different modes
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Problem Statement

@ Input

@ Output

@ Number of modes

@ Matrices describing the different modes

@ Active mode

@ Switching times
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Adopted Model

x(k+1)=A,x(k)+Bu(k)
{ Y (k) = Cx (K)

u(-) e RP,y(-) e RY, x(-) € R"
A, € {A1, Az, ... As},s e N\ {1}

Hk 6{1727---75}’SEN*\{1}
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Definitions and notations

Definition (Path)

A path p is a finite sequence of modes : = (ug - 2 = ...+ un),
N e N*.
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Definitions and notations

Definition (Path)

A path p is a finite sequence of modes : = (ug - 2 = ...+ un),
N € N*. y
@ || : length of the path
p=(pa - p2 ... pn)=|pu[=N.

@ Oy : set of all paths of length N.
@ O, : observability matrix

CAu_, Ay
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Active Mode Estimation
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Active Mode Estimation

y (k) = Cx (k)

{ x (K +1) = A, x (k) + Bu (k)
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Active Mode Estimation

{ x (k +1) = A, x (k) +Bu (k)

y (k) = Cx (k)
[}
Yionk = OppX (K —h) + T, nUk_nhk-1
0 0 ... O
CB 0
Tp,,h = .
CAy_,..-Au_,.B CA, ,..A, . ,B ... CB
T
Yienk = (y(k=h) ... y(k)) .
Uk—h,k—1: ( U(k—h) U(k—l) )
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Active Mode Estimation

Yk-hk = OunX (K =) + T nUk nk-1
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Active Mode Estimation

Yk-hk = OunX (K =) + T nUk nk-1

4

Fh (K) = Qun (Yeenx — TunUk—hk-1)
with Q%h(’)ﬂ,h =0
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Active Mode Estimation

Yk-hk = OunX (K =) + T nUk nk-1

4

Fh (K) = Qun (Yeenx — TunUk—hk-1)
with Q%h(’)ﬂ,h =0

4

n= M* = Ty h (k) =0
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Active Mode Estimation

x (k +1) = A, x (k) +Bu (k)
{ y (k) = Cx (k) + ¢ (k)
vk, e (k)| <6, 6>0

Domlan, Ragot, Maquin (CRAN/INPL) Model-Based Diagnosis for Mode Estimation DPS'07 9/21



Active Mode Estimation

x (k +1) = A, x (k) +Bu (k)
{ y (k) = Cx (k) + ¢ (k)
vk, le (k)| <6, 6>0

Domlan, Ragot, Maquin (CRAN/INPL) Model-Based Diagnosis for Mode Estimation DPS'07 9/21



Active Mode Estimation

x (k +1) = A, x (k) +Bu (k)
{ y (k) = Cx (k) + ¢ (k)
vk, e (k)| <6, 6>0

Yi—nk = OppX (K —=h) +T,nUk nk-1+ Ex—nk

Domlan, Ragot, Maquin (CRAN/INPL) Model-Based Diagnosis for Mode Estimation DPS'07 9/21



Active Mode Estimation

x (k +1) = A, x (k) +Bu (k)
{ y (k) = Cx (k) + ¢ (k)
vk, e (k)| <6, 6>0

Yi—nk = OppX (K —=h) +T,nUk nk-1+ Ex_nk

Domlan, Ragot, Maquin (CRAN/INPL) Model-Based Diagnosis for Mode Estimation DPS'07 9/21



Active Mode Estimation

y (k) = Cx (k) +¢ (k)

x(k+1)=A,x(k)+Bu(k)
{ vk, le(k)| <6, 6>0

Yi—nk = OppX (K —=h) +T,nUk nk-1+ Ex—nk

Influence on the residuals

p=p* =1y n(k) =QnEx-nk #0
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Active Mode Estimation

y (k) = Cx (k) +¢ (k)
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Influence on the residuals
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Path discernability

Definition (discernible paths : free-noise case)

w* and 2 are discernible on a time window [k — h, K] if :

L R
p?,h

) *:{ i (k) 70

rank)=0
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Path discernability

Definition (discernible paths : free-noise case)

pt and p? are discernible on a time window [k — h, K] if :

pl=p* = futn () =0
ra2n(k)#0
rap(k)#0
2 * 220
W=yt =
{ruz’h(k)zo

Nan(K) =21, (Yk—nk = Ty nUk—hk-1

N2n(K) =224 (Yk—nk — T2 nUk—nk-1
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Path discernability

Definition (discernible paths : free-noise case)

pt and p? are discernible on a time window [k — h, K] if :

L=y = ruin (k) =0
w=H r2n(K)#0

rin(k)#0
2 _ % = (2
w & { fuZ,h(k):O

Nan(K) =21, (Yk—nk = Ty nUk—hk-1
N2n(K) =224 (Yk—nk — T2 nUk—nk-1

N]_ _H* N r,u,l,h (k)ZO
ren(k)=9Q,.4, <Yk7h,k = THZ,hUk—h,k71>

2= = { ran(K)=Q, 4 <Yk—h,k = T‘ulyhuk—h,k71>
r,u,z,h (k) =0

DPS'07
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Path discernability

Theorem (Path discernability : free-noise case)

Two paths ! and 12 are discernible on an observation window
[k —h, K] if:

Qui,houj,h 7é 07 IaJ € {15 2}7' 7&]
or

Quim (ij,h = Tuiyh) Uk—h,k 75 0 i,j € {1,2},i 75]
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Academic Example

System matrices

—0211 0 0691 0 0.153
A1—< 0 0521 >A2—< 0 0310 )A3—< 0

T

B=(2 -1)C=(1 2)

0

0.410 )
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Academic Example
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Academic Example

Path of length 2 on [k — 2, k]

Path number 1 2 3 4 5 6 7 8 9
1 1 1 1 2 2 2 3 3 3
142 1 2 3 1 2 3 1 2 3

o
Observability matrices

C C C
Ou.nh = CA, Ou.2h = CAz O -3), CAs
CA1A1 CA1A2 CAlAS

C C C
O@.1h = CA, O@.2)n = CAz Or.gn = CAs
CA2A1 CAzAg CA2A3

C C C
= CAL O@.2)p = CA; O@.3)h = CAL
CA3A1 CA3A2 CA3A3

9
w
=)
=

|
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Academic Example

Hy
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Academic Example
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My
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estimated My
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Conclusion

@ Active mode estimation

@ Discernability analysis
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Conclusion

Conclusion

@ Active mode estimation
@ Discernability analysis

v

@ Discernability conditions in the presence of noise
@ Continuous state estimation
@ Mode estimation with partial knowledge of the modes

A\
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