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Figure 1 — Watt-centrifugal-governor-steam-engine system.
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To convert this apparatus into a governor, let us assume viscosities X Theorem 1. Assume that L is of type (2) and that the conditional Theorem 2.1 (Quadratic Programming Polynomially Reduces to a
and Y in the motions of the main shaft and the centrifagal piece, and a distribution function F(Z) defined by (1) is: i Problem): Define
. : : . dA z '
resistance G¢ applied to the main shaft. Putting % w=K, the equations (4) symmetric about the mean & : 0 0 kw
become 420 d6 d¢ CEN—1_E(F_ M= kA 0 kA7 5 “)
A—”+X~+Kdt+G¢’" N ) f(& €)=1-F(E-¢) TA+pT o FAz+pTE4c
<%.
B ey % _x® () comexfor =< A= (ding[65, .85, -, 85, SJ6 €R; €Y, )
Y-k B ¢ 1)
FO& + (1= 1)8) <AF(E) + (1 -MF(E)
The condition of stability of the motion indicated by these equations is forall &, &< E and0<1<1 A = {diag[6],- -+, 85, 87,85, 6n4a]l67 € R}, ©)
=2 = ==

that all the possible roots, or parts of roots, of the cubic equation
AB#’+(AY+BX)w*+(XY+K)n+GK=0 . . . . (11) Then the random variable x,*(t,|t) which minimizes the average T= %(bu +bi), (@)

shall be negative ; and this condition is loss (3) is the conditional expectation

(§+§> XY+EH=>GK. . . . . . . . (12) x*(4|6) = E[x, (1) (), -, ¥(0)] 5) w = §(bu — br). @®)
. Then pa(M) = pz(M), and

J.C. Maxwell, On Governors, 1868 R.E. Kalman,

A New Approach to Linear Filtering
and Prediction Problems, 1960

pa(M) > k< max |:cTA.1:+pTa:+c|2 k. ()
by<z<by

R.D.Braatzetal,
Computational Complexity of p Calculation, 1994
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P -
/(::)m b [ T lyCere) = yeCern)] |12+ || A am(kre-1) |12} to=0, tpp=inf{teR|t>t A 2T(t)T2(t) = 0}. \
Am e =

Am(k+M-1)
- "%
. + +
st ylkte) =y (k+e) We start with a linear plant 4
) d Ezp(t) = Apzp(t) + BpKwp(t)
+ I ami Am(k+£-:l.) (8) %xp = ApTp + BP’U'! Zp € Rnp! u € R™ = Apzp(t) + BpKIP(tk) + BPK(Ip(t) - Ip(t))
i=1 and assume that a linear feedback control law = Sl Bl Ipe0:
- ‘We can now use this expression to rewrite the time derivative
+ d(k+e) u= Kz, of V(zp(t)) as
: ) = Y, +BK)ey0) + 2B, Ke(t)
yL(k+9.) s y(k+R) s yH(kHL) , & =1,2..P dV ) = 1°)% A+ BK)o. < —aT at’ P T o, P T 5, 0P
2V @) = E( p + BpK)zp = —2, Qp, = Qe + 22T (OPB.Ke(t) ()
mL(k+2.-1) < m(k+e-1) s mH(k+!.-1) , 8 =1,2..M Substituting (7) in inequality (5) we arrive at
PAST FUTURE _ d (6-1)Q PB,K (t)
P By= 0, 2N LV (@p(t)) < 077 Qap B o) [Gple PR ] <o ®
/ e~ Reference Trajectory
~+~ Predicted Out lwl The triggering times #; can now be defined as the times at
/ g: mr::g ntrol Input which the following equality holds
j_‘_,_:'m“" ot u(t) = u(ty) VtE€ [ty trs1], k €N, T () ¥z(ts) = 0 ©
j—’i Prediction Horizon with
s:m:'.e I > e(t) = xp(tk) . xl’(t) Vt e [tkytk+1[7 keN. [(IzTBlgg PB;) K] , 2(te) = [zep(gik)) .
kK k1 ke2 Kk+p
Advances in Industrial Model-Predictive Control, Garcia and Prett. 1986 An Introduction to Event-triggered and Self-triggered Control, Heemels 2012
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We start with a linear plant

7 4 =, n My
%Uﬁ”l? %Uﬁﬂfiﬁﬁ dt zp, = Apxp + Bpu, z, €R"7,ueR
and assume that a linear feedback control law

u= Kz,
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