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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R

xt = A.x, (u,e) €R

U = Cex,
A0 POSTECH RISHO| A AY A7y
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

Improves transient response!

Step Response
2

No Reset
15+ Reset at e=0
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

Improves transient response!

Step Response
2

No Reset

15+ Reset at e=0
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Less L2 gain (Guanglei Zhao et. al., 2016)
Phase lead (Yugian Guo et. al., 2009)
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?

D X|SH 0| A|AE A
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?
A Baseline Linear Controller

v' Parameters of baseline linear controller
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?
A Baseline Linear Controller

v' Parameters of baseline linear controller

A Reset law
v Where to reset?
v When to reset?
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?
A Baseline Linear Controller

v' Parameters of baseline linear controller

A Reset law
v Where to reset? A isgiven (e.g., 0)
v When to reset? Whenue >0
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Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?
A Baseline Linear Controller

v' Parameters of baseline linear controller

A Reset law
v Where to reset? A isgiven (e.g., 0)
v When to reset? Whenue >0

1) In practical application, a simple strategy is usually demanded

N POSTECH X|SH0f A AH AP
E‘ﬁ Electrical Engineering 3/18 ICSLI C S L

4
et

&

&



Design of Reset Control?

m| Reset Controller

X, =A.x.+ B.e, (u,e) &R
xt = A.x, (u,e) €ER
Uc = Cex,

m| What to design?
A Baseline Linear Controller

v' Parameters of baseline linear controller

A Reset law
v Where to reset? 4 isgiven (e.g., 0) 1) In practical application, a simple strategy is usually demanded
v When to reset? Whenue > 0 2) Theoretically difficult
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Methods for designing a controller

m| Usual design approach for controller
A

AN

AN
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Methods for designing a controller

m| Usual design approach for controller
A Design in frequency domain

v" Based on describing function
v Bode plot (Guo, Yugian, et al., IEEE Trans. Control Syst. Technol., 2009)
v Nyquist plot (Van Loon, S. J. L. M., et al., Automatica, 2017)
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Methods for designing a controller

m| Usual design approach for controller

A Design in frequency domain
v" Based on describing function
v Bode plot (Guo, Yugian, et al., IEEE Trans. Control Syst. Technol., 2009)
v Nyquist plot (Van Loon, S. J. L. M., et al., Automatica, 2017)

A Design in time domain with linear matrix inequalities (LMIs)
v’ Based on the stability analysis with Lyapunov stability theorem
v" Obtain controller parameters numerically in polynomial time
v" Associate with useful performance index such as H, and H,, norm
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Methods for designing a controller

m| Usual design approach for controller
A Design in frequency domain

v" Based on describing function
v Bode plot (Guo, Yugian, et al., IEEE Trans. Control Syst. Technol., 2009)
v Nyquist plot (Van Loon, S. J. L. M., et al., Automatica, 2017)

A Design in time domain with linear matrix inequalities (LMIs)
v’ Based on the stability analysis with Lyapunov stability theorem
v" Obtain controller parameters numerically in polynomial time
v" Associate with useful performance index such as H, and H,, norm

Goal: Derive LMI-based design condition of reset controller
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Hybrid Dynamical systems

m| Hybrid dynamical system framework

x € F(x), x €F
xt € G(x), x €J
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Hybrid Dynamical systems

m| Hybrid dynamical system framework

15

x € F(x), x €F
xt € G(x), x €J

—

O

Bouncing ball example

X1 = Xy F = {x|x; > 0}
Xz = —g

xy =0 J = {x| %, = 0}
x5 = —cx,

Height (m)

Velocity (m/s)

x1: Height of the ball
X,: Velocity of the ball

y) POSTECH 6/18 |CSL FsM0t A28 o7y
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Piecewise quadratic Lyapunov function

m] Piecewise quadratic Lyapunov function

&g

Y

St

V=xTP(x)x

x"Pix =x"Pix, Vx € X; NX;

POSTEPLCH
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Linear matrix inequalities

m| A linear matrix inequality (LMI) in the variable x € R™ has the
form

F(x) =Fy+ x.F] + xoF, + -+ x,F, = 0(< 0),

where Fy € R™ ™,  E, € R™™ are symmetric matrices.

:’ \ POSTECH 8/18 [CSL FsHol Nag a7
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Linear matrix inequalities

m| A linear matrix inequality (LMI) in the variable x € R™ has the
form

F(x) =Fy+ x.F] + xoF, + -+ x,F, = 0(< 0),

where Fy € R™ ™,  E, € R™™ are symmetric matrices.

Example of LMIs (Lyapunov stability)
ATP+PA<0,P>0

where, P is matrix variables. (A is stable if and only if there exist such P.)

0 X|SH 0| A|AE A
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Linear matrix inequalities

m| A linear matrix inequality (LMI) in the variable x € R™ has the
form

F(x) =Fy+ x.F] + xoF, + -+ x,F, = 0(< 0),

where Fy € R™ ™,  E, € R™™ are symmetric matrices.

Example of LMIs (Lyapunov stability)
ATP+PA<0,P>0

where, P is matrix variables. (A is stable if and only if there exist such P.)

Example of bilinear matrix inequality (Static output feedback control case)

ATP 4+ PA+ PBKC +CTK"BT™P < 0,P >0 where P, K are matrix variables

\‘w,,’% Y A AE Al
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Linear matrix inequalities

m| A linear matrix inequality (LMI) in the variable x € R™ has the
form

F(x) =Fy+ x.F] + xoF, + -+ x,F, = 0(< 0),

where Fy € R™ ™,  E, € R™™ are symmetric matrices.

Example of LMIs (Lyapunov stability)
ATP+PA<0,P>0
where, P is matrix variables. (A is stable if and only if there exist such P.)

Example of bilinear matrix inequality (Static output feedback control case)

ATP 4+ PA+ PBKC +CTK"BT™P < 0,P >0 where P, K are matrix variables

LMIs can be solved by the semi-definite programming in polynomial time

Useful SDP solvers: cvx (http://cvxr.com/cvx/), MPT toolbox(https://www.mpt3.org/), MATLAB LMI toolbox

L0 POSTRECH X|SH0f AlAR AP
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http://cvxr.com/cvx/
https://www.mpt3.org/
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Difficulties in designing reset control

[m] Stability condition by using PQLF (Luca Zaccarian et. al., 2005, Nesic et. Al., 2011)

V= XTP(x)x x = Ax F; = {x|xTM;x > 0}
V<o, xeF xt=Ax J = {x|x"Mox < 0}
+\ A B,C.
VxT) -V(x) <0, x€J A= [Bc’g A ] M;=0,,0f +0,07_,,i=1,..,N

o M, = 0407 + 0,0k

A, = 0.

"= 1o 0] o [cos i

t sin 6;

x=[xg ]

{g}iﬁ rPOSTECH 11/18 |CSL FsXcl Al2e o3y
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Difficulties in designing reset control

[m] Stability condition by using PQLF (Luca Zaccarian et. al., 2005, Nesic et. Al., 2011)

V= XTP(X)X x = Ax F; = {x|xTM;x > 0}
V<0, x€F xt = Apx J = {x|x"Mox < 0}
+ 4, B,
VixT)—=V(x)<0, x€J A=[BcCp BAf] M;=0,_,0F +0,0F ,,i=1,..,N
A =[O MO=®N®g+®O®%
& V=xTPx+xTPx <0, Vx€FTF; =lo o . [C?Sgi
x=[x] x sin 6;
Vixt) —V(x) = (x+)TP xt — xTPOx <0,Vx €J Sl
x"Pix = xTPx, Vx € X; N X;
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Difficulties in designing reset control

[m] Stability condition by using PQLF (Luca Zaccarian et. al., 2005, Nesic et. Al., 2011)

V= XTP(x)x x = Ax F; = {x|xTM;x > 0}

V<0, x€F xt = Apx J = {x|x"Mox < 0}

V(x+) - V(X) <0, xeJ A= [Blj’c’.p Bi’lfc] M, =0, .07 +08,07,,i=1,.,N

A =[O Mo = Oy05 + 0,05
& V=xTPx+xTPx <0, Vx€FTF; =lo o . [C?Sgi
x=[x] x sin 6;
Vixt) —V(x) = (x+)TP xt — xTPOx <0,Vx €J Sl
x"Pix = xTPx, Vx € X; N X;

xT(ATP; + PLA+ 1, M;)x < 0,
xT(AszAT — PO + TRM())X < O,
@{l(Pi —P;_1)0;; =0,

©;,: the basis of the subspace x € X; N X;

Qb@% POSTELH 11/18 [CSL M5 A2 e#3a
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Difficulties in designing reset control

[m] Stability condition by using PQLF (Luca Zaccarian et. al., 2005, Nesic et. Al., 2011)

V= XTP(x)x x = Ax F; = {x|xTM;x > 0}

V<0, x€F xt = Apx J = {x|x"Mox < 0}

VixH) —V(x) <0, x€J A= [B':l’gp Bf,fc] M, =0,_,0T +0,07_,,i=1,..,N

A =[O MO=®N®g+®O®E
& V=xTPx+xTPx <0, Vx€FTF; =lo o . [Cf’sgi
x=[x] x sin 6;
Vixt) —V(x) = (x+)TP xt — xTPOx <0,Vx €J Sl
x"Pix = xTPx, Vx € X; N X;

xT(ATP; + PLA+ 1, M;)x < 0,
x" (A7 PyA, — Py + TpMp)x < 0,
0f, (P, — P;_1)0;; =0,

ATP 4 PA + TF M <0, | LMI-based stability condition
(:)
|APNA P0+TRM0<O|

| 0 (P —Pi1)0i =0,

©;,: the basis of the subspace x € X; N X;

Qé@% POSTELH 11/18 [CSL M5 A2 e#3a
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)

vV =xTPx, P> 0. mA
_ p p™c
A‘chc,, Acl

x=[xI «I]

0 XsSHO AlAH AZA
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)
— T x = Ax
l(—x Px, P > 0. A=IA” B”C”l
V=x"(PA+A"P)x <0 Belp A
& PA+ATP <0 | BMls

x=[xI «I]

o)) POSTECH 12/18 [CSL FsHol Nag a7
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)
— T x = Ax
V=x"Px, P>0. AzlA” B’”CCI
V=xT(PA+ATP)x <0 Belp A
& PA+ ATP <0 | BMIs

x=[xI «I]

Define
S N| - R M R I I s
© ZTPAZ, + ZTATPZy <0 p=[5% =B ¥ z=[F | 2= 3]
ApR +B,C.M" A R I
T _ pft T Bpte P Z{PZ, = >0
L PAL, SA,R + NB.C,R + SB,C.M™ + NA.M™ SAp+NBcCp] . [1 S]
\ X sHO AlAH HFA
a rPOSTECH 12/18 ICSL| lI=HIof CI =] -Tlsa
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)
— T x = Ax
V=x"Px, P>0. AzlA” B’”CCI
V=xT(PA+ATP)x <0 Belp A
& PA+ ATP <0 | BMIs

x=[xI «I]

Define
T T AT _[S Nl ,-1_[R M _[R I S
C)leAZl +ZlA PZl <0 P_[NT )?]'P _[MT y]: Zl_[MT 0]: Zz—[o NT]
A R+ B,C.M" A R I
T = P poe P Z{PZ, = >0
4Pz [SApR + NB,CyR + SB,C.MT + NAMT SA, + NBCCp] v [I S]
1 Variable replacement LMls
_ [4pR +B,C. Ay ]
A, SA, +B.Cp
\ x| =X Al AEl o LAl
POSTECH 12/18 ICSL_7sM0t A28 @2y
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)
— T x = Ax
V=x"Px, P>0. A=[A” B’”C‘I
V=xT(PA+ATP)x <0 Belp A
& PA+ ATP <0 | BMIs

x=[xI «I]

Define
& ZIPAZ, + ZTATPZ, <0 p=[S W= b YWoa= (bl ns) )
ZTPAZ, = [ ApR + BypCell Ap ] ZTpz, = [R 1] >0
SA,R + NB.C,R + SB,C.M™ + NA.M™  SA, + NB.C, I s
1 Variable replacement LMIs
_ [ApR +B,C. Ay
- [ A, SA, + c,,]
Stability condition for reset control
A"P; + P,A + 1 M; <0,
AZPNAT — PO + TRMO < O,
T —
0; (P —Pi—1)0;; =0,
N POSTELCH 12/18 ICSL fl sHA tlﬁEéI °’|:r";'a'
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Difficulties in designing reset control

m] LMI-based design method for linear controller (Carsten W. Scherer et. al., 1997)
— T x = Ax
V=x"Px,P>0. A=lA” B”C”l
V=xT(PA+ATP)x <0 Belp A
& PA+ ATP <0 | BMIs

x=[xI «I]

Define

& ZTPAZ, + ZTATPZ, <0 p=[S Ve =[R M z=[% 1] n=[) 3]

NT X MT Y 0 NT

T
ZiPAZy = [SA R+ NBACPI;ii%CCCMMT + NAMT  SA :1;/13 C ] 2Pz = [I; ;] >0
P ctp phc c P cbp
1 Variable replacement LMls
B [A,,R + B, C, Ay ]
A, SA, +B.Cp

M; is indefinite matrix

Stability condition for reset control Relaxing these BMlIs into LMIs is extremely difficult

ATPi + PLA + TFiMi <0, = ZIiPiAzli + ZIL-ATPL'ZH + TFL.ZLM,-ZH <0
ATPyA, — Py + 1My < 0, Z10AtPyALZ1o — Z{oPoZ1o + TRZ{oMozlo <0,
G?J_(Pi T Pi—l)GiJ_ = 0) @’{'J_(Pl - Pi—l)@i_l_ =0

D X|SH 0| A|AE A
{‘\%‘; POSTECH 12/18 ICSL:I |01 CI :r"sa
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Derive LMI condition for reset control

[m] Descriptor system approach

Plant dynamics Controller dynamics

X, = Apx, + Byu Xc = Acxc + By xF=0

=C.x
y = Cpxp u ctc
O-u=Cx.—u

I 4, 0
[ ” =|B.(, Ac [ ] & Ex = Ax

0 0 0 0 G

X Beautlfully arranged for the use of variable replacement technique!

 POSTECH 13/18 ICSL_ &M Al2d a2y
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Derive LMI condition for reset control

[m] Descriptor system approach

Plant dynamics Controller dynamics

Xy = Apx, + Byu Xc = Acxc + By xF=0

= C.x
y = Cpxp u ctc
O-u=Cx.—u

I 4, 0
[ ] [ - BcCp Ac [ ] &S Ex = Ax

0 0 0 0 Co I

X Beautlfully arranged for the use of variable replacement technique!

(] Stability Analysis

V=xTEPx =x"P, Ex,x€F, P = [l;(‘ 3]

N POSTELCH X SHO| A2 A4H
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Derive LMI condition for reset control

[m] Descriptor system approach

Plant dynamics Controller dynamics

Xy = Apx, + Byu Xc = Acxc + By xF=0

= C.x
y = Cpxp u ctc
O-u=Cx.—u

I 4, 0
[ ] [ - BcCp Ac [ ] &S Ex = Ax

0 0 0 0 Co I

X Beautlfully arranged for the use of variable replacement technique!

(] Stability Analysis

V=xTEPx =x"P, Ex,x€F, P = [1;(‘ 3]

V=xTEP;x + xTP[Ex < 0,x € F;
. T B}
SV = [Ex] OT Pi [ ] < (0 By usingS-procedure
x 1 |P TF M; ~0 —0

o v =B o S E ] e ] (B e a]) <o

N POSTRECH RSHO| AlAY A
. 5 Electrical Engineering 13/18 ICSLI C S




Derive LMI condition for reset control

[m] Descriptor system approach

Plant dynamics Controller dynamics

Xy = Apx, + Byu Xc = Acxc + By xF=0

= C.x
y = Cpxp u ctc
O-u=Cx.—u

I 4, 0
[ ] [ - BcCp Ac [ ] &S Ex = Ax

0 0 0 0 Co I

X Beautlfully arranged for the use of variable replacement technique!

(] Stability Analysis

= =T = _[P O
V=xTEP,x =x"P, Ex,x €F; P = [Xl Y]

V=xTEP;x + xTP[Ex < 0,x € F;

.. T , .
SV = [Ex] OT Pi [Ex] < (0 By usingS-procedure
X P; TF M;

|

o v =B o S E ] e ] (B e a]) <o

(0 P ATPyA, — Py + 1M, < 0 Vix*)—V(x) <0,Vvx €J
L= + He{G;[—] AIl'<O0 ri Nr 0 R0 = Y, ’
i TFiMi] etal b 0; (P, — P_1)0;, =0, < x'Px = x'Px,  Vx€X;nX;
Theorem 1
re) RS HOf AlAY A4
&29) Focercal ingineering 13/18 ICSL S R TTE




Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

y i + He{[—G; G;A]} <0 I 0 O][x A4, 0 By«
T —G- , . .
Pi TFiMi l l [0 I O] [xc = BcCp Ac 0 [xc
0 0 Olly 0 cC. —I|tu
E A
Ex = Ax
A3 POSTECH X SH O A|AH HRA
%’% Electrical Engineering 14/18 ICSL, C S




Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

’ i + He{[—G; G;A]} <0 I 0 o] 4p 0 Bp|x
PiT TFiMi l l [O I O] [xi = BcCp Ac 0 [xzc)‘
0 0 ollw o ¢ -I|tu
R1 | Ry E 1
Choose G; = |G; Ry R; Ex = Ax
Ry R,
§) POSTECH 14/18 ICSL 757 424 a2y
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Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

° & + He{[-G; G;A]} <0 I 0 O[% 4 0 Byl
Pl'T TFiMi ! l [O I O] [xi = BcCp Ac 0 [xz;
0 0 ollw o ¢ -I|tu
Ry Ry E A
Choose G; = |G; Ry R; Ex = Ax
Ry R
Ry (R 4 0 By
'Ry 'Ry 0 C. -1
§) POSTECH 14/18 ICSL7sMo A2 a3y
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Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

’ i + He{[—G; G;A]} <0 I 0 o] 4p 0 Bp|x
PiT TFl-Mi l ' [o I o] [xi =|B.C, A, 0 [xi
0 0 olly 0o ¢, —Iftu
R1 | Ry E 1
Choose G; = |G; Ry R; Ex = Ax
R, R,
"Ry R[4y 0 B, Nonlinear terms
GA=Q;=|Gy; R Ry||BLCp A O RyAc, RiBe, RyC.
'Ry 'Ry 0 c. -1
y) POSTECH 14/18 |CSL FsM0t A28 o7y
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Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

° & + He{[-G; G;A]} <0 I 0 O[% 4 0 Byl
Pl'T TFl.Ml' ! l [O I O] [XIZ = BcCp Ac 0 [xz;
0 0 olly o ¢ ~Iftu
Ry Ry E A
Choose G; = |G; Ry R; Ex = Ax
Ry R,
'R, R,1[ 4, 0 B,] Nonlinearterms
GiA =y = [Gy; Ry R2([BcCp Ac O R,A., RiB., R,C,
'Ry 'Ry 0 C. -1
Replacing
Ac = RyA,
B. = R,B,
Cc = R,(C,
A0 POSTECH X SH0f AlAR H7A
*«!‘Ejﬁf Electrical Engineering 14/18 ICSLI C S




Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

’ & + He{[-G; G;A]} <0 I 0 O0[* A, 0 B,
7 Tr M o [o I o] [xi =|B.C, A, ©
0 0 0flwu 0 C. -I
Ry Ry E A
Choose G; = |G; Ry R; Ex = Ax
R R,
'R, R,1[ 4, 0 B,] Nonlinearterms
Gid =0 =[Gy Ry Rz[1Bclp Ac 0 R2Ac, R1Bc, Ry C
R R 0 C. -1
Theorem 2
Replacing 0 P,
/:1:c = R;A, [PlT TFiMi] T He{[_Gi Qi]} <0
Bic = RyB where He{A} = A+ AT
CC — R2CC

T OF St
-
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£
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AZPNAT' — PO + TRMO < 0,
0;, (P, — P;i_1)0;; =0,
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Derive LMI condition for reset control

m] Design condition of reset control based on the stability analysis

° & + He{[—G; G;A]} <0 I 0 o]fx A4p 0 Bylx
Pl'T TFiMi ! l [0 I O] [Xi = BcCp Ac 0 [xzz‘
0 0 ollg 0o ¢, —I|tu
R4 R, E 1
Choose G; = |G; Ry R; Ex = Ax
R, R,
"Ry 1R, 4 0 B, Nonlinear terms
GA=Q;=|Gy; R Ry||BLCp A O RyAc, RiBe, RyC.
"Ry 'Ry 0 c. -1
Theorem 2
Replacing 0 P.
l
_ T + He{[—G .Q]} <0
40 = RpA, [Pi TFiMi] l l After solving LMls,
l?C = R1B, where He{A} = A+ AT R2—1AC = A,
CC = R2CC -1p _
AZPNAT—P()"'TRM()SO, Rl BAC_BC
G)iTl(Pi — Pi_1)0;;, =0, Rz_lcc = (¢
L3 POSTRECH XS R[0] AAH AP
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Numerical example

4th order linear plant d
P(s) 8s5% + 185 + 32 —— v
s) = r e u
s* + 653 + 1452 + 24s R P -
+ — | T
By solving the optimization problem
min y
subject to

LMIs derived for H., control

Iylla _

where, sup lal =
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Numerical example

4th order linear plant d
P(s) 8s5% + 185 + 32 —— v
s) = T e u
s* + 653 + 1452 + 24s R > P -
T — 1
By solving the optimization problem
min y
subject to
LMIs derived for H., control
1l
<
where, sup lal =
—2.8978 —0.8035 —3.2265 —5H2.7260
A, — | 21708 0.4710 3.4589  14.4138
“le —0.3965 —0.5404 —1.5177 —3.1082
0.0035 0.0044 0.0047 —0.8351
B, =[-0.9634 29398 —1.7962 —0.2300]"
C.=[0 0 0 1]
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Numerical example

4th order linear plant d
8s5% + 185 + 32 ——
P(s) == 2 > e R u y
s*+ 65> 4+ 14s4 + 24s > P >
~ 1
By solving the optimization problem
min y *
subject to 3
LMls derived for H, control . :
lyl, 1
< 5
Where’ Sup ”d”z B g ' OD 0.05 0.1 0.15 0.2
—2.8978 —0.8035 —3.2265 —52.7260 0
A, — | 21708 0.4710 3.4589  14.4138 . , A . ; o
<Le —0.3965 —0.5404 —1.5177 —3.1082 ]
0.0035 0.0044 0.0047 —0.8351 Time (s)
B.=[-0.9631 29398 —1.7962 —0.2300]" y {, o 0<t<0.1
C.,=[0 0 0 1] 0 0.1t
N POSTECH RSH O A AR ATY
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Numerical example

0.5 .
' ' ' Linear Control
Reset Control
g 0 \7:%
5
@)
-0.5 ! | | |
0 2 4 6 8 10
Time (s)
0.5 : : . .
0
5
o
= 05
'1 1 1 1 1
0 2 4 6 8 10
Time (s)
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Numerical example

0.5 -
I I I Linear Control
Reset Control
5
O
-0.5 I | ! |
0 2 4 6 8 10
Time (s)
0.5 : : :
0
5
=
= -05
'1 1 1 1
0 2 4 8 10
Time (s)
rPOSTECH 17/18
Electrical Engineering

Table. Comparison of £, gains

sup Iyl

lld]l,
Linear control 0.5370
Reset Control 0.3833

28.61% decreased by reset control
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Conclusions

m| LMI-based design of reset control is addressed

m| Previous stability condition yields BMI design condition

m| Formulated closed-loop system as a descriptor hybrid system

m| Proposed two theorems
A The stability analysis of descriptor hybrid system

A LMI-based design of reset control system

m) Numerical example showed the feasibility of the design strategy
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Appendix

m| A linear matrix inequality (LMI) in the variable x € R™ has the
form

F(x)=Fy+ x;F, + x,F, + -+ x,F, > 0,

where Fy € R™ ™,  E, € R™™ are symmetric matrices.

Example of LMIs (Lyapunov stability)
ATP+PA<0,P>0

where, P is matrix variables. (A is stable if and only if there exist such P.)

_[P1 P21 , _[%11 Q12
For P = [pz p3l A= (A1 azz]’
2a,17 ;3] [ 2ay; a1 + azz] l 0 ap ]
+ + <0

P1 | aq2 0 | P2 a1 + Ay 204, Slay,  2ay,
1 0

1, ]"‘le 0]"‘ 3[ 1]>0
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