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Sparse Control for Energy Conservation

Masaaki NAGAHARA'
1 Graduate School of Informatics, Kyoto University Sakyo-ku, Yoshida-Honmachi, Kyoto, 606-8501 Japan

Abstract In this article, we consider sparsity-optimal control that minimizes the L° norm of a continuous-time
control signal. The LY norm of a control signal is defined by the length of its support (the time intervals where
the control is exactly zero), and sparse control is a control whose LY norm is much less than the signal length. In
sparse control, actuators are stopped on a relatively long time interval, on which the consumption of fuel or electric
power is cut and the emission of CO2, the noise sound, and the vibration are reduced. Therefore, sparse control
is a control suited to energy consumption. In this article, we give a sufficient condition such that the L°-optimal
controls are equivalent to the L'-optimal controls. We also consider an extension to feedback control based on the
self-triggered control method.
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Ry = {111,ZB2 ER2 1’1>—IE§/2, 1‘220},

( )
Ry = {(wl,xg) rx < —x§/2, To > O},
Rs = {(111,x2) cxy < 3/2, T2 £ 0}, (8)
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Algorithm 1 Self-triggered control
Require: (z1(t),z2(t)) {state observation at time ¢ = 0}
Ensure: u(t), t € [t,t+ At] {constant input on interval [t, t+ At]}
1: & =z1(t), &2 :=xa(t).
2: if (£1,€2) € R1 or (£1,&2) € R4NV_ then

At::%(T+§2—\/(T—§2)2_4§1_2€%)'

4: u = —1.

5: else if (£1,&2) € R3 or (£1,&2) € RoNV4 then
6: At::%(Tffgf\/(T*§2)2+4§172€%>.
7 u = 1.

8: else if (£1,&2) € v then

9:  At:= &

10:  w:= —sgn(&2).

11: else

12 Av=-l2l_ &

13: u = 0.

14: end if

15: if At < Apjn then

16: At = Amin-

17: end if

18: return u(t) = u, ¢t € [t,t + At).
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