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15 Switchings between several subsystems (DS;) : controller design
(switching supervisory control, ...) or inherently (Robocoop
project : http ://syner.ec-lille.fr/robocoop)

i switched system = {DS;} and a rule (switching law) : huge
literature (stability, controllability, .. .) EWPE R

BIINRIA
4Oy /B AED CEH» = Q>



Introduction

Control design Example
Examples ALIEN impacts
Conclusion

Introduction

Switched systems

iz Switchings between several subsystems (D.S;) : controller design
(switching supervisory control, ... ) or inherently (Robocoop
project : http ://syner.ec-lille.fr/robocoop)

i switched system = {DS;} and a rule (switching law) : huge

literature (stability, controllability, ...) P
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Switched systems

iz Switchings between several subsystems (D.S;) : controller design
(switching supervisory control, ... ) or inherently (Robocoop
project : http ://syner.ec-lille.fr/robocoop)

i switched system = {DS;} and a rule (switching law) : huge

literature (stability, controllability, .. .) P E

1= Existing results need a complete description, of all DS;
Alien Groupe SDH, 26 Avril 2007, Paris



1= Here the control problem (output tracking) is tackled without a
complete description of the subdynamics and even without
knowing the switching signal

1= Switched systems (without state jumps) = collection of
differential algebraic i/o relation (locally : implicit theorem)

a(.) and b(.) may change with the switching signal.

= Fast online estimations of a(.),b(.),y",i=1,..., p—1 =
desired tracking performances using GPID, PID or “state”
feedback, for example (if b(.) # 0)
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1= Here the control problem (output tracking) is tackled without a
complete description of the subdynamics and even without
knowing the switching signal

1= Switched systems (without state jumps) = collection of
differential algebraic i/o relation (locally : implicit theorem)

y® = a(.) +b(.)u

a(.) and b(.) may change with the switching signal.
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Main idea

i Here the control problem (output tracking) is tackled without a
complete description of the subdynamics and even without
knowing the switching signal

15 Switched systems (without state jumps) = collection of
differential algebraic i/o relation (locally : implicit theorem)

y? =a() +b()u

a(.) and b(.) may change with the switching signal.

= Fast online estimations of a(.),b(.),y,i=1,...,p—1 =
desired tracking performances using GPID, PID or “state”
feedback, for example (if b(.) # 0)

(p—1)

D) oatim ¢ + [2()]octim + /721 o ({”(i)}est;m ;ufe"g) =@ B
== s
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= Qur point of view

signal (original) noise

10 0.05
1.0

2.0 4
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u y(t)
—DP»namical Systpm—s

signal (original)

without noise

polynomial

ag+a1t+azt2+...+aNtN
y(N+1) =0

-1.0 1

-2.0 A

Obtained model relies on real-time estimations of derivatives f@i§ B EA
s
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@ output v : speed,
@ MM : mass of the vehicle,
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Example Cruise control

O = _7Sgn(v) —_ gsin(a(t)) -+

output v : speed,

M : mass of the vehicle,

a(t) : road incline,

T (%) motor torque (gear i € {1,2,3,4,5}),

o = =
Alien Groupe SDH, 26 Avril 2007, Paris
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Introduction

Example Cruise control

L B : (4)
0 i sgn(v) — gsin(a(t)) + i
@ output v : speed,
@ MM : mass of the vehicle,
@ «(t) : road incline,
@ T (i) motor torque (gear i € {1,2,3,4,5}),
@ a()= —%sgn(v) — gsin(a(t)) is usually not well known,

o = =
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5 can(v) — gsin(a(t) +
V= ——-5gn(v) — gsml« u,

M M

@ output v : speed,

@ MM : mass of the vehicle,

@ «(t) : road incline,

@ T (i) motor torque (gear i € {1,2,3,4,5}),

P B2 . :

a(.) = —5sgn(v) — gsin(a(t)) is usually not well known,
@ ()= % is changing with the gear selected by the driver.

o = =
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i Construct a control law such that v follows a given traJecto'%

5 can(v) — gsin(a(t) +
V= ——-5gn(v) — gsml« u,

M M

@ output v : speed,

@ MM : mass of the vehicle,

@ «(t) : road incline,

@ T (i) motor torque (gear i € {1,2,3,4,5}),

@ a()= Bv sgn(v) — gsin(a(t)) is usually not well known,

@ ()= % is changing with the gear selected by the driver.
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= (Sampling) T << Tyindow length of the sliding window : small
enough w.r.t the variation of a(.),b(.) (& constants ag__; 0., )-
= On V_ t+ T\\'in(h)\\w :

1= fast estimates of y = v (or ag) and by :

0] estion. — P0osin W(KTs) = ag
1 Sampled control :

estim

u((k+1)Ts) = — (1"/)(%!/ + ki / Ff/) . (~([{.‘}/<‘Slim — Vref) = D0,stim ”U“T“‘)).
)0

estim

where e, = v — vyr is the relative error for y, ones get that
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= (Sampling) T << Tyindow length of the sliding window : small

enough w.r.t the variation of a(.),b(.) (& constants ag__; 0., )-
1 On [t,t + Twindow[ T y=ap+ bou

1= fast estimates of §y = v (or ag) and by

[liv}(\\lill] ])( un“(Al ) o (1)

1z Sampled control .

estim

kpe, k; 4 y) — (([0]ostim — Oret) — ¢
(l((]\ﬂ’l)]J o 7( p€y + / (,/> (([{}/(slnn ¢ l) 20
)0,

estim 4 (KT5))

estim

where e, = v — vyr is the relative error for y, ones get that
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= (Sampling) T << Tyindow length of the sliding window : small
enough w.r.t the variation of a(.),b(.) (= constants ag_,;,, s b0.cuim )-
1 On [t,t + Twindow[ T y=ap+ bou

1= fast estimates of § = v (or ag) and by :

[i)]estim - boestimu(kTs) ~ A0cgtim

1 Sampled control :

('I"l’( Y + /"/' / (’1/\) o (([{.'L\siim o [.‘”‘[') o b'h stim [I<AT“)>

u((k+1)T) = — b
(

Jostim

where e, = v — vyr is the relative error for y, ones get that
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= (Sampling) T << Tyindow length of the sliding window : small
enough w.r.t the variation of a(.),b(.) (= constants ag_,;,, s b0.cuim )-
1 On [t,t + Twindow[ T y=ap+ bou

1= fast estimates of § = v (or ag) and by :

[i)]estim - boestimu(kTs) ~ A0egtim

1w Sampled control :

(kpey + k" f ey) B (([Il)]estim - /l‘)ref) - bOestimu(kTs))
boestim

w((k+1)Ty) = —

9

where e, = v — Uy is the relative error for y, ones get that
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Introduction

Example Cruise control

i (Sampling) 7T << Tyindow length of the sliding window : small
enough w.r.t the variation of a(.),b(.) (& constants ag bo
= On [t, t+ Twindow[ : Yy =ao+bou

w5 fast estimates of y = v (or ag) and by :

[@]estim B boestimu(kTS) ~ aoestim

= Sampled control :

(kpey + kl f ey) — (([i)]estim — 'l‘)ref) B bOestimu(kTS))
boestim

estim ’ estim ) .

u((k+1)T) = —

9

where e, = v — Uy is the relative error for y, ones get that

€y + kpéy + kiey =0, in fact o(Ty)
B
Us
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speed v

0 1 2 3 4 5 6 7 8 -0.5 " - . . L
Time 0 1 2 3 4 5 6
time t

Switching signal Trajectory of the switgheds gx

system 2 T
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B fg [24(t — 7) — 12(t — 7)?] y(7)dT
t4

(see the paper for more details)
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¥ =ao+bou, (L(s))

Q,
sY(s) —yo = ?0 +boU(s), (s* Dy)

d d
2 34 _ 2 &
s*Y(s) + s dsY( s) ap + bps dSU(s)
fo T)dr
fo 7)dr’

P(t,7) = —(t - 7') + 4T(t —7)— 72,
Qt,7) = -7t —71)2+ 72t —1).

L71(s73 Dy)

o [m
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Introduction

Example Cruise control

Parameter estimation : On [t,t + Twindow| : ¥ = ao + bou

d
s2Y (s) + 83—Y(s) = —ap + 5082£U(8), (x573)

_ 2 d -1
dSY(s)— + bos dsU(S)’ (L)

bo JO (t, )u(T)dr + ]J S(t, T)y(r)dr

0= 3
R(t,7) = —67(t —7),S(t,7) = —6(t — 27).

(see the paper for more details and general formulae)

Singularity arise in bg estimate when the stabilization is obtained since both terms of the quotient will b?z’e/\f'gm
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ALIEN's techniques proceed :

@ they are algebraic : operations on s-functions;;

@ they are non-asymptotic (formal expressions using ratios of
integrals) ;

@ they are deterministic : no knowledge of the statistical
properties of the noise n is required.

WESB site :
http ://www.math-info.univ-parisb5.fr/—mboup/ALIEN

Papers can be found at : B P
http ://hal.inria.fr/. e
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ALIEN's techniques proceed :

o they are algebraic : operations on s-functions;;

@ they are non-asymptotic (formal expressions using ratios of
integrals) ;

o they are deterministic : no knowledge of the statistical
properties of the noise n is required.

WERB site :
http ://www.math-info.univ-paris5.fr/—mboup/ALIEN

Papers can be found at : B P |
http ://hal.inria.fr/. e "

«0)>» «F» «=)» « =) = Q>



o Closed loop identification : Real time parameter
identification (in closed loop while the plant is working even
with time delay).

° : Classical technics (for LTI sys.) :

e asymptotic observers (sensitive to mismatches and
perturbations),

o Kalman filters (Riccati equation and precise statistics of the

noise),
For nonlinear systems the question has remained largely open
in spite of a huge literature ( ).
°
° detecting and isolating a fault in closed Igop
for a possibly uncertain system remains largely open. Wi = a
<O <@r <T> <2y = 9ac
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Introduction
ALIEN impacts : Control Applications

@ Closed loop identification : Real time parameter
identification (in closed loop while the plant is working even
with time delay).

e State reconstructors : Classical technics (for LTI sys.) :

e asymptotic observers (sensitive to mismatches and
perturbations),
e Kalman filters (Riccati equation and precise statistics of the
noise),
For nonlinear systems the question has remained largely open
in spite of a huge literature (ALIEN solution : D, estimate).

NP
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Introduction
ALIEN impacts : Control Applications

@ Closed loop identification : Real time parameter
identification (in closed loop while the plant is working even
with time delay).

e State reconstructors : Classical technics (for LTI sys.) :

e asymptotic observers (sensitive to mismatches and
perturbations),
e Kalman filters (Riccati equation and precise statistics of the
noise),
For nonlinear systems the question has remained largely open
in spite of a huge literature (ALIEN solution : D, estimate).

e Blind control design.

NP

B iNRIA

Alien Groupe SDH, 26 Avril 2007, Paris



Introduction
Control design Example
Examples ALIEN impacts
Conclusion

Introduction
ALIEN impacts : Control Applications

@ Closed loop identification : Real time parameter
identification (in closed loop while the plant is working even
with time delay).

e State reconstructors : Classical technics (for LTI sys.) :

e asymptotic observers (sensitive to mismatches and
perturbations),
e Kalman filters (Riccati equation and precise statistics of the
noise),
For nonlinear systems the question has remained largely open
in spite of a huge literature (ALIEN solution : D, estimate).
e Blind control design.

e Fault diagnosis detecting and isolating a fault in closed lgop
for a possibly uncertain system remains largely open.  @ivia %
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Three patents are already pending in those topics :
@ compression of audio signals,

@ demodulation and its theoretical background,

© compression, edge and motion detection of image and video
signals.
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Three patents are already pending in those topics :
@ compression of audio signals,

© demodulation and its theoretical background,

© compression, edge and motion detection of image
signals.
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Three patents are already pending in those topics :

@ compression of audio signals,
© demodulation and its theoretical background,

© compression, edge and motion detection of image and video
signals.
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
Closed-loop practical stability
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Control design

Problem formulation

Nonlinear switched systems into input/output form :

0= fory(ts 0, 9y .., yPe®) o, ulme®) q),

oc:R—1I={1,...,N}, t+— o(t) switching signal,
u € Rinput,
y € R measured output,

d disturbances

@ € R"(t) state of variable dimension : Mo (t)-

Assumption : NMPh Subsystems (zero dynamics AS).

Problem : For a large class of such systems, for any () with a
minimal given activation time Trffirt]i"e and only using the measyred
output (noisy) we want the output to track a given signal. @iveis

Alien Groupe SDH, 26 Avril 2007, Paris

A



Main Assumption 1 :

Jp € {1,...,min;er(p;)} such that (at least locally) we have

Y = a5y () + b (Ju (1)

where the functions a,(;)(.) and b,(;)(.) depend on

(t,y,... LyPe) ,u(mf’(t)),d). From now, if fast estimations
of ay(s) and b, ;) are available then the tracking problem is solved
using control :

(p—1)
[b( )]estlm u+ [a’( ) estim + Z @i ([ Z)]estim yr(e12> = yr(gf)
= B E

BIINRIA s
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paper) :

Already shown on the cruise control example (for general case see

@ there exists “good” realtime estimation of time derivative of
noisy signal,

@ there exists “good” realtime estimation of a,(;) and b, ()

using only the noisy output and the input.
It remains to show that :

@ there exists a “large” class of switched systems that meet
Assumption 1,

@ the closed-loop system is UAS (w.r.t. o).

'IEIAE g
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Already shown on the cruise control example (for general case see
paper) :
@ there exists “good” realtime estimation of time derivative of
noisy signal,

@ there exists “good” realtime estimation of a, ;) and by ()
using only the noisy output and the input.

BIINRIA s
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Outline of the control design procedure
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Numerical implementation of the control
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Control design

Outline of the control design procedure

Already shown on the cruise control example (for general case see
paper) :
@ there exists “good” realtime estimation of time derivative of
noisy signal,
@ there exists “good” realtime estimation of a, ;) and b, ()
using only the noisy output and the input.

It remains to show that :

© there exists a “large” class of switched systems that meet
Assumption 1,

P
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Control design

Outline of the control design procedure

Already shown on the cruise control example (for general case see
paper) :
@ there exists “good” realtime estimation of time derivative of
noisy signal,
@ there exists “good” realtime estimation of a, ;) and b, ()
using only the noisy output and the input.

It remains to show that :

© there exists a “large” class of switched systems that meet
Assumption 1,
@ the closed-loop system is UAS (w.r.t. o).
P
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
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Control design

Comments on Assumption 1

yP) = o) () + bo() (u
15 exact knowledge of b, ;) is not required since a,(;)(.) may
contain u : what is needed is an order of this term.
Criteria : subsystems of explicit form with b; :
@ of the same order : then we will not estimate this parameter,
@ varying with the active dynamics then we will estimate this
parameter online (sufficiently fast).

Numerical implementation : the first case it is much more simple.

B E B

B iNRIA
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
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Comments on Assumption 1

First case, the required conditions are :

Q@ Vicl: :dP, = {pm e{l,...,pi} C N]ay‘?ﬁj) #+ ()}. Set
p = min(N; F;) this is the smallest integer so that

8‘;{;) # 0,Vi € I. Implicit theorem (at least locally) :

y(p) = Fa(t) (t, Yyovny y(p_l),y(p+1), cee ay(na(t))aua d) (2)

Q@ Vici: %

ou
u=
experiments a rough range estimate of

OF;
Qi = By

. # 0, then obtain from the physics or some

Qo) € [m, M] : ayyy) is of order 10%,0 € N.

Lastly, rewrite (2) as

Yy = a)(.) + 10%u. w3

Alien Groupe SDH, 26 Avril 2007, Paris
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Control design

Comments on Assumption 1

Second case, the required conditions are :

@ Vicl: Letpe{l,...,p;} be the smallest integer so that
ofi

By #0,Vi € 1. Implicit theorem (2) holds (at least locally).

Q@ Viel: % . # 0, then rewrite (2) as
u=

Y = ay () + bo(r) (u (4)

&= |n practice p = 1 or 2 is sufficient (most of the time) : let us

stress that it does not imply that the system should be of order
one or two.

B E B

B iNRIA
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
Closed-loop practical stability
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Control design

Numerical implementation of the control

i T, : sampling period thus the discrete version of (1) should be
DO lestim (RTU(RTL) = = [a0)]agon (KT + 58 (RT)

-3 (0], 6T —saGT)) . )

w= time sliding window of length Tiyindow = KT 2 used to estimate
[a()]estime [0(-)]estim @nd [y(i)]estim by using only the successive
values of the measured output and input it implies that we have
(up to some small error) the following errors estimates :

BB
%In preatice s € [100,300]
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
Closed-loop practical stability
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Control design

Numerical implementation of the control

First case using (3) :

[y(”)(kTs)]
Thus [a(.)]

T 0(T) = y P (KTL) = ao(y()] g, + 10°u(kT)

estim (KTs)

(kT) can be obtained directly using

estim

[a()] e (KT) = [y@)(kz;)] — 10°u(kTy).
estim
But if we plug this estimate into (5) an algebraic loop appears,
thus since [a(.)]eetim (KTs) = [a(.)]ectim (K — 1)T), one gets the
control u(kTys) for t € [kTs, (k + 1)Ts] defined by

p—1
10° [u(kTe) = u((k = ) To)] = = [y®] Y o ([+9],,, —ve) + v

ml(e-vTe) 2=, m”g

B inNRIA
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Problem formulation

Outline of the control design procedure
Comments on Assumption 1

Numerical implementation of the control
Closed-loop practical stability
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Control design

Numerical implementation of the control

In (2) we get

. [ag(t)(»)(t> - [ﬂ«(»)]estim‘(k’rs):l7 '21 o ([y(i)]

i=—

P (1) — 4P

ref

vD) +4®

estim ref

kT

Thus using reasonable assumptions (regularity of a,(;))

a0 ()(0) = [0 esim 1y | = 0(T2) (6)

as soon as there is no switching time in between this time interval.
Now, from the time derivative estimates :

[v9] . T) =y )] =o(@) (7)

leading to e ) 4 St azey = 0(T5), (ey = y(t) — Yres(t)), for
t € [kTs, (k + 1)Ts[ as soon as there is no switching time in l 44
between this time interval.
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Second case using (4) :

Similar argument leads to a similar estimation. implementation of
the control
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Control design
Closed-loop practical stability

By adjusting the coefficients ¢; it is possible to adjust the time
response t, : clearly after a total time of T\indow + t» the response
error is near to zero. Adapting a well known results ([?][?]) about
asymptotic stability of switched asymptotically stable system for
any switching law having a given dwell time it is clear that we need

Twindow + t'r < T,—iﬁlve- (8)
to guarantee uniform asymptotic stability of the closed-loop system
for any switching signal having a minimum time of activation
Tactive Note that ¢, can be tuned using the a; and Twindow = 7T
Thus (8) give a rule to select the sampling period knowing only the
minimal time of activation of a subsystem :

act|ve _ iy
K

Alien Groupe SDH, 26 Avril 2007, Paris



n : noise, d : disturbance

= fi(x)+gi(x)u+d, =zeR™
Y= hl(xau) +n,

[ I fi(=) [ 9i(®) T hilz,u) n_ ]
1 —x 1 x 1
2 2x 1 x 1

0 -3 -3 1
3 1 0 0 )m ( 0 ) x1 + 3x2 + 3 3
0 1 0 0
4 ( f _03 )z ( (1) ) (1 1)= 2
5 2 ) (é) (1 -1)z |2
6 5z + 10sin(x) 1 T 1
7 —2z + 10 exp(x) 1 £ 1

linear stable (¢ = 1), unstable (¢ = 2, 3, 4), non minimum phase (¢ = 5), or even nonlinear (i = 6, 7).

Switching signal is randomly selecting any subsystem every 0.5 s (thus here T:ﬁ:‘ive =0.5s).
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are of the same magnitude : case 1
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Introductive example, the coefficient % takes its values among
{1,5,10, 30,50}

° A \uh”Hh‘ ‘\“‘MIH i

i H HWW T

lirr?e(
X

S v
With estimation@~v=n
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of the subdynamics :

New approach for hybrid systems control, without any description

@ fast derivative estimation,

@ fast parameter estimation,

© time between two switchings is large enough
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New approach for hybrid systems control, without any description
of the subdynamics :

@ fast derivative estimation,
@ fast parameter estimation,

© time between two switchings is large enough
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