X = f1 (X) X = fz(X)
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X = f-| (X) X = fg(X)

@ f; and f has not a common equilibrium point.

@ We want the solution to converge to a reference state
Xr.

@ The only control action is the switching law.
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x = f1(x) x = fo(X)
SETHODFOR @ f; and f, has not a common equilibrium point.
WHEN N = 2 .
AND N — 2 @ We want the solution to converge to a reference state

Xr.
@ The only control action is the switching law.

Problem: how can we define a switching law ¢ such
that the solution of the switched system converge to
Xr?
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@ Stability

© METHOD FOR STABILIZATION WHEN N = 2 AND
N=2

© CONTROLFORN=2AND N =2

@ APPLICATION TO CONVERTERS



Fixed x, € R?, the objective is, given an initial condition
Xo € R?, to define a switching law o such that

lim ¢(t; X0, 0) = X;
f—o0



Fixed x, € R?, the objective is, given an initial condition
Xo € R?, to define a switching law o such that

lim ¢(t; X0, 0) = X;
f—o0

@ Again, a geometric point of view.
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Fixed x, € R?, the objective is, given an initial condition
Xo € R?, to define a switching law ¢ such that

lim o(t; Xp,0) = X,
t—o00

CONTROL FOR
n = 2 AND
N=2

@ Again, a geometric point of view.
@ We redefine the sets E1 and Eo.
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Fixed x, € R?, the objective is, given an initial condition
Xo € R?, to define a switching law ¢ such that

lim o(t; Xp,0) = X,
t—o00

CONTROL FOR
n = 2 AND
N=2

@ Again, a geometric point of view.
@ We redefine the sets E1 and Eo.
@ We again define the set {x € R? : det(f;(x), x(x)) = 0}.






@ the trajectory given by f; is of clockwise direction
respect to x; in:

{x € R? : det(x — x,, fi(x)) < 0}
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THE DIRECTION RESPECT TO X,

@ the trajectory given by f; is of clockwise direction
respect to x; in:

{x € R? : det(x — x., fi(x)) < 0}

@ the trajectory given by f; is of counterclockwise direction
respect to x; in:

{x € R? : det(x — x., fi(x)) > 0}



Fori=1,2,

Gi(x) = det(x — x, fi(x))



Fori=1,2,

Gi(x) = det(x — x, fi(x))

] G,'(Xr) = 0.



Fori=1,2,

Gi(x) = det(x — x, fi(x))

@ DGi(x;) = fi(x) # (0,0) because x; is not an
equilibrium point of the subsystem f;.



Fori=1,2,

Gi(x) = det(x — x, fi(x))

@ DGi(x;) = fi(x) # (0,0) because x; is not an
equilibrium point of the subsystem f;.
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Gi(x) = det(x — x, fi(x))

@ DGi(x;) = fi(x;) # (0,0) because x; is not an
equilibrium point of the subsystem f;.

conmorrox . There exists a neighborhood of x; such that
N=2



In a neighborhood of x;,
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The set given by

(X eR? : x =x,+puz1+(1—p)zo, z1 €, zo € b, 0 < < 1}

will be called the cone delimited by Iy and I, and denoted by
C(X,-, /1 , /2)
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The set given by

(X eR? : x =x,+puz1+(1—p)zo, z1 €, zo € b, 0 < < 1}

will be called the cone delimited by Iy and I, and denoted by
C(X,-, /1 , /2)




We suppose that:

o C(xp, Iy, b)NU\ {x} C {x € R? : det(f;(x), i(x)) >
0} N E4,

e the trajectory Ty of f; goes from xg € b to x1 € |1 (in
counterclockwise direction respect to x;), and

e the trajectory T> of - goes from Xy € ) to Xo € b (in
clockwise direction respect to x;),

then it holds that ||xo — Xr|| < ||Xo — X¢||-




We suppose that:

° C(Xr, /1,/2) NnU \ {Xr} C {X € R?: det(f1 (X), fQ(X)) >
0} N Ey,

e the trajectory T, of f; goes from xo € b to x1 € | (in
counterclockwise direction respect to x;), and

e the trajectory T> of f- goes from Xy € ) to Xo € b (in
clockwise direction respect to x;),

then it holds that ||xo — Xr|| < ||Xo — X¢||-




We suppose that:
] C(Xr, /1 , /2) NnU \ {Xr} C {X c Rz : det(f1 (X), fQ(X)) >
0} N Ey,
e the trajectory T1 of f; goes from xg € b to x1 € |1 (in
counterclockwise direction respect to x;), and

e the trajectory T> of f- goes from Xy € ) to Xo € b (in
clockwise direction respect to x;),

then it holds that ||xo — Xr|| < ||Xo — X¢||-
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S We suppose that:
o C(xr, h,b)NU\ {x} C {x € R?: det(fi(x), fa(x)) >
0} N E4,
e the trajectory Ty of f; goes from xg € b to x1 € |1 (in
counterclockwise direction respect to x,), and

oo o e the trajectory To of f> goes from X; € Iy to X> € b (in

A clockwise direction respect to x;),

C. PEREZ

Ey

To
T2
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RESULTS ABOUT CONTROL

LEMMA
We suppose that:
o C(xr, h,b)NU\ {x} C {x € R?: det(fi(x), fa(x)) >
0} N E4,
e the trajectory Ty of f; goes from xg € b to x1 € |1 (in
counterclockwise direction respect to x,), and

e the trajectory T> of f- goes from X; € | to Xo € b (in
clockwise direction respect to x;),

then it holds that ||xo — X|| < ||[Xo — X¢||-

hL
E,

To
T2
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C bines If E; N {x € R? : det(fy(x), (x) > 0} # 0, then there exists
a cone C(xy; I, b) such that for each initial condition
Xo € C(xr; 1, k) there exists a switching law o such that the
solution of the switched system starting from xo converge to
X;.

v

CONTROL FOR
n = 2 AND
N=2




0 INTRODUCTION TO SWITCHED SYSTEMS
@ Definition
@ Stability

© METHOD FOR STABILIZATION WHEN N = 2 AND
N=2

© CONTROLFORN=2AND N =2

© APPLICATION TO CONVERTERS



@ /; is the inductor current.
@ V. is the capacitor voltage.
@ x = (/,v) is the state variable.



Cotenen. A DC-DC CONVERTER MODEL

CONVERTERS S R L
——— AW A
C. PEREZ =T
5| + Ro
=u A S Co=Ve 3

@ J/; is the inductor current.
@ V. is the capacitor voltage.
. @ x = (/,v) is the state variable.
PPLICATION

ZgNVERTERS When S1 iS ON,

[ -R/L  —1/L 1/L
X_( 1/Co 1/(ROCO)>X+( 0 )u
When S is OFF,

= (1% e )<+ (o)



® fi(x) = ( }%C,L _17(1/40Lco) )X+< 1(/)L ) ’

-R/L  —1/L
@ hHh(x) = ( 1/Co —1/(RoCp) )X



_( -R/L —1/L 1/L
of1(x)_( 1/Co —1/(ROCO))X+< 0 )u
_( -R/L 1L
° kX = ( 1/Co  —1/(RoCo) )X

@ x = f,(x(t)) where o : [0,00) — {1, 2} is the switching
law, u € R
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A DC-DC CONVERTER MODEL

@ fi(x) = ( ;%OL —17(1/:1’/0LCO) >X+ ( 16L ) )

[ -R/L 1L
® k)= ( 1/Co —1/(RoCo) )X

@ x = f,(x(t)) where o : [0,00) — {1, 2} is the switching
law, u € R
@ The objective is obtain a switching strategy o under

which the output voltage converges to the desired
reference.



@ The sets E1 and E» are given by:



@ The sets E1 and E» are given by:

E;

E,



@ The sets E1 and Eo.
@ The set of {x € R? : det(f;(x), 2(x)) = 0} is given by



@ The sets E1 and Eo.
@ The set of {x € R? : det(f;(x), 2(x)) = 0} is given by

det (f; (x),f, (x))>0

X,
o

det (f; (),f, (x))<0




@ The sets E1 and E».
@ The set of {x € R? : det(f;(x), f»(x)) = 0} is a ray.
@ Thus,



@ The sets E1 and E».
@ The set of {x € R? : det(f;(x), f»(x)) = 0} is a ray.
@ Thus,




@ The sets E1 and E».
@ The set of {x € R? : det(f;(x), f»(x)) = 0} is a ray.
@ Thus,
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@ The sets E1 and E».
@ The set of {x € R? : det(f;(x), f(x)) = 0} is a ray.
@ Thus,
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@ L=500uH, Co =470uF, u=100V, R =2Q, and
Ry = 5022 (values in Noori et al (2016)).



@ L=500uH, Co =470uF, u=100V, R =2Q, and
Ry = 5022 (values in Noori et al (2016)).

@ x, = (1,50) is the reference state.



@ L=500uH, Co =470uF, u=100V, R =2Q, and
Ry = 5022 (values in Noori et al (2016)).

@ x, = (1,50) is the reference state.
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@ L=500uH, Co =470uF, u=100V, R =2Q, and
Ry = 50%2 (values in Noori et al (2016)).

@ x, = (1,50) is the reference state.
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@ For the initial condition xo = (0, 0).



@ For the initial condition xo = (0, 0).
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Thank you for your
attention!



