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Abstract— Recently, a cumulant generalization of Hy/Hoo Il. PROBLEM DEFINITION
control has been given for the state feedback problem. This . . .
paper extends those results to the output feedback case. The [N the previous work [3], the problem began in a nonlinear
Nash game approach to theH»/H., problem is used. Sufficient framework with non-quadratic costs. However, in the output
conditions for two problems are determined. In the first feedback case, the linear system and quadratic cost cdse wil

problem the one player, the control, has only partial state pe considered from the onset. The linear system in question
information, while the other player, the disturbance, has full

state information. In the other problem both players only have is given by

information based upon estimates of the state. Coupled Riccati da(®) = (A(Dz(#) - BB u(t)) dt

equations for both cases are given, along with equilibrium 2(t) = (A (t) + Bt)u(t)) Q)
solutions. The results are also applied to the first generation + D(t)w(t)dt + E(t)d(t)

structural benchmark for buildings under seismic excitation. . . .
with z(ty) = z¢ being known. The matriced, B, D, andE

I. INTRODUCTION arenxn, nxm, nxp, andn x ¢ respectively, with continuous
ngjntries: on the intervaty, ¢ ]. The process noisgis a Wiener
r

Cumulants have been used in control with encouragi . .
ocess orff2, F, P). Also, ¢ has an autocorrelation function

results [9], [10], [11], [13]. Their use has been particlylar
interesting for structural vibration problems. Furthermo ,
cumulants have also been used in game theory [3], [9]. In E{[&(t) — &ME@) — &))"y = Wt — 7.

[‘;’]’ ,\Ifz/foo wasT%eneraI|zE:j by the uze Ofl cun;uflantﬁ ancilhe control will have only measurements available, not the
.t € INash game. These problems were develope ort € C4§f state information that is available to the other playbae
in which both players had full state feedback 'nformat'ondisturbanceu The measurements are given by

However, the full information of the state is not always
available for feedback. Actually, quite often, only a set of dy(t) = C(t)x(t)dt + dv(t) 2
output signals, which do not give full information about the
states, is available. whereC' is an x r matrix with continuous entries on the in-

Here, we assume that the players do not have full statgrval [to, t¢] andv is a Wiener process with autocorrelation
feedback information. We will first give a definition of /
the problem. In previous work on full state feedback, [3], B{lv(®) = v(nlfv() = v(7)]
the problem developed from a nonlinear system with nornFhe crosscorrelation betwegnandv is given as
guadratic costs. Here, however, the linear system, gquadrat
cost assumption will be taken from the beginning. With E{[¢(t) = &(D)][o(t) —v(n)]'} =Tt — 71,
o one in \hich he control wishes o minimize a fnearereY ~ T 1I" >0,

o . : The cost functions are
combination of k& cumulants of its cost function, based
upon state estimates, while the disturbance has full state ; (to, 20; 1, W) _/tf 12 ()|t
information available for its decision. Then, the case iticlth P02 202 W
both players only have information from state estimates$ wil ty
be examined. Finally, output feedback 3-cumulant multi- J2(to, Zo; u, w) =/ (@*[[w(®)[] = [|22(t)|[?) dt
objective control will be applied to the first generation fo
structural benchmark. whered is a positive constant and the minimization of the
o _ _ mean of Jo by w corresponds with constraining th€.,
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I1l. OuTPUT FEEDBACK MCC Completion of squares yields

t
In this_sec_tioq we develop an output feedback vers_ion of 1, - {/ ! (62||w||2 — |lz2l]? + ix’P(t)m) dt}
the multi-objective cumulant control problem. The distur- to dt

bance will have full state information available, while the

_ 2 2 2 -/
control will only have partial information of the state. An =E / Jwl” = llz|” + &' Pz (10)
. . . . . to
assumption made in this work is that the control strategies _
are linear. In fact, the feedback control strategies anerasd +a' Pz + x/P:r';) dt}

to be of the form ) i
where the dependence on time for z,, andz is suppressed.

u(t) = p(t, &(t)) = K(t)Z(t) (5) By use of (1) and (7), we obtain

ty
where the control is dependent on an estimate of the state/> = E{/ (52”“1”2 —||22|* + 2'(A + BK)'Px
x, &(t) = E{z(t)|F} in which F; is a minimalo algebra fo

generated by the output. The estimate,is the estimate +a'P(A+ BK)x +w'D'Px
that comes from the Kalman filter, and furthermates the +2'PDw — x'(A+ BK,)' Pz (11)
estimation errorz = = — . The matrix K is m x n with — 2'P(A+ BK, )x — 2/ Qs
continuous entries on the intervig, ¢ /].
The goal of this problem will be for the control to — 'K Ry K,z — 5—293 '"PDD Px>dt}

minimize a linear combination of cumulants of its co&t
while the disturbance wants to minimize the mean value &"d. using equation (8) far., we have
its costJ,. Therefore their respective performance indices I E {

ty
2,/ 117! R/ /
will be given by 2 = / (5 w'w+ ' K'B'Pr+ ' PBKx

to

— 6% w'w, — 8*wlw — ' K. B Px

12
o1 (t, T;u, w*) Z’y]/ijtmuw) ©) —2'PBK,x+ 2 K'RyKx (12)
bt 0 ) ~ BTtz )} — VKR K — 52“’1‘”*)6”}-
wherer; is the j-th cumulant of.J;, 5; > 0 are constants, Reducing further we find
with v, > 0, andu*,w* are the equilibrium solutions for b ) ,
the control and disturbance. 2 = E{/t (6 |lw—w.||* +2'PB(K — K,)x
. . . . 0
With the performance indices discussed and the problem #(K — K.)B'Pz + o' K' Ry K (13)

defined, we can focus on discovering the optimal strategies
for each player. First, we consider the case for the dishaba — x’KiRzK*x) dt}
w, and then turn our attention towards the control.
so that, if the control uses its optimal gain, it is clear titnet

A. Disturbance’s Equilibrium Strategy disturbance’s equilibrium strategy would he.. Note that
_ ) , at this stage in the argument a specifi is not needed,

The approach taken to determine the disturbance’s €dYut we will see later that the control’s equilibrium solutio
librium strategy is the one taken in [8], in which complet|or1takes the formic., (a) = —R; () B'(a) Zf 3 (@), in

of squares is used. Consider the matrix differential equati which 7% is an x n matrix, 4, is a nonnegative constant,

anda € [to,tf].
4 pla) = — (Ala) + B(a)K. (o)) P(1) o

da ( B. Control’s Equilibrium Strategy
— P(t)(A(@) + B(a) K. () @ With the disturbance’s optimal strategy in place, we will
- Q2(a) — K.(a)Re(a) Ky () now consider the control. Notice that once this strategys
1 played, the problem becomeskecumulant output feedback

P(a)D(a)D' () P(a) problem with A(t) = A(t) — & D(t)D'(t)P(t). With this

recognition, the results of the work of Pham [9], [10] may
be used.

The disturbance was able to have full state information
available. However, for the control, the information aable
w,(t) = vi(t, z(t) = —5—2D (t)P(t)x(t). (8) is only an estimate of the state. This, along with the linear
control law assumption, yields

da(£) =Fo(£)0a (£)dt + Ea(t)déa(t)
fto,oiwn) = E{ [ @lloll )t} @) valto) = [ .

52

where P(ty) = 0. What we would like to show is that the
disturbance’s equilibrium strategy is indeed

Recall,



wherez, = (¢/,2'), Define the functions?; andgG; as

Fut) = Aty +BMK()  LHC() Fila, H, K) = — [A(a) + B(a) K ()] Hi(a)
¢ 0 A(t) = L()C(t)]’ — Ha(a)[A(e) + B(a )K<a)}
— K'(a)Ri(a)K(a) — Qi(«)
E0= 5y 1] il K) = = A@) + Blo)K(o)] P
Hi()[A(e) + B(a) K ()]
_ dg(t) i—1 il
teit) = 360 -3 g @ @@
and E{[4(t) — a()][€a(t) — &a(T))} = Walt — 7], with + Hkﬂ(a)ng(a) (@)
W, = [VFV E]. a)n’2<a>m+1 5(@)
b= i (0TI (0) His J<a>]
The control's cost/; is now given as

Frer1(a, M, K) = — [A(e) + B(a) K ()] Hi41(a)

t B(a
J1(t0;$0§Na):/tO o () Na(t)za(t)dt — Hpp1(a)[A(a) + ( )C(a)]

vnere (0. H, K) = _?1( >)L( )< >( )< )] " )< )
, fk+i a,H, K —[A + B HkJrZ
N = |G HEORORO @], me(a)[A () + L{@)C(a)]
With these definitions, thé&-cumulant cost function is ] { @) Hpyi—j(c)
given by ] (Z J
+Hk+j a)la () Hpqim ]( a)

K = x;OHa(to; k‘)xao + D(to; ]{I) (15)

)
( (
Hj()y (@) Hap4i—j ()
where (

d +Hk;+j (OZ)HS a)H2k+ij(a):|
aHa(a, 1) = —Fl(a)Hy(a, 1) — Hy(a, 1) Fy (o)

Hi(e)L(a)C(a)
d ) Foryr(a, M, K) = —[A(a) + L(a)C(a)] Hap+1(a)
EHa(aJ) = —Fl(a)Hy(a,i) — Hy(o, i) Fy () ~Hopr1(a)[A(a) + L(a)C(a)]
i—1 2! / o _Hk+1( a)L(a)C(a)
"2 i gyl ) B Wal @) () (e =) L/ (@)C (@) M1 (0) - Qi ()
j=1
@ae6)  Forrila, H, K) = —[A(a) + B(a)K(a)] Hopi(c)
fori=2,--- k and ~Hpri(a)[A(a) + B(a)K ()
d , i—1
£ D(a,1) = — tr (Hy(o, ) Ea)Wa(@) By(e)) (A7) Z (f_'y {HH]( I (@) i (@)
fori =1,---,k. Also, Hy(ty,i) = 0 and D, (ts,i) = 0 ) a a
for 1 <i < k. Now let the sg/mmetric matriceHZ(a) and +H kﬂ( Mo (@) Hiizj(e)
E.(0)W,(a)E' (a) be partitioned as i ()T (@) Hars i (@)

+Hoktj (OZ)Hg(OL)HQk+i_j (Oz):|
—Hi(@)L(e)C(a) — C'(a) L (a)Hi(a)

Hi,l(a) Hi,Q(O‘):| (18)

Hafood) = [ (6] 2200

(a)} (19) and
Gi(a, H) = — tr (H;()I1 (@) — tr (Hg+i(a)a (@)

where —tr (Hjpi(a)T5(a)) — tr (Hargi(a)lT3(a))

Iy (o) =L(a)EL () where

Ilz(e) =E(a)T'L'(a) — L(e)EL () H=(Hu, M, Hr+1, - Hok, Hag41, -+, Hag)

II3(w) :E(a)WE;(a) — Ea(a)FL/(a) =(Hy1,- ,Hg1,Hi2, - ,Hy o, Hi 3, , Hi 3)
— L(a)I"E(a) — L(a)ZL (). D =(D1, - ,Dr) = (D1, - ,Dg).



From these definitions, it is possible to give the equatidns avhere?;
motion,

= v;/71 and’H; are solutions to

0 T 1o
p 50 (@) = = [Ale) + B(a) K™ (o) Hi(e)
7o Ha) =F(a, H(a), K(a)) — Hi()[A(@) + B(e)K*(a)]
dip( ) =G(a, H(a)) ) — K" ()R (@) K*(a) = Qi (a)
55 i (@) = = [A() + B() K™ ()] H; (@)
where’H(ty) = Hy =0 andD(ts) = Dy = 0. — H*( )[[l( )+ B(a)K*(a)] 21
Because of the quadratic nature of the cumulants, [7], we (21)
can now revise the control’s performance index in (6) to Z (Z ]) ()L (a)H;_ ()
+ HHJ (a)Hz(a)H;_ ()
él(th(t(h th Z’YJHJ +H*(OC)H/2(OZ)H]€+,L ](Oé)
+Hi )]y (0)]
:nyjzéHj(to,K x 5
Jj=1 _H* A B IH*
D (10, K. 50 k(@) = = [A(a) + _(a) ") Hiy1(@)
— i1 (@) [A(e) + L ( )C(a)]
With this revised performance index, a target set will also b — Hi(e)L(@)C(e) — G (o)
defined. The target set is denoted/eisand is a closed subset =3/ (o) = — +B HE L,
of [to, ] x (R"™*™)** x R¥ such that(to, Ho, Do) € M.  da " (e) == [4(a) o) K (o WHicile)
Furthermore the allowable gain values are from a compact - Hk+z(a)[f4(0‘ + L(a)C(a)]
set K ¢ R™ ™, The class of admissible feedback gains
K, 7,0, are ofC([to, ty]; R™*™) for a finite ¢; and for (Z j), H; ( O Hyi-j(@)
which the trajectory solutions of
+ Hk+7(a)H2(a)Hk+z j(a)
+ M, () Ty () Hapor i
= H4(a) =F(a, H(a), K () L iy )
) i M (a0 )]
da 1) =T ~ 4 (@) L(a)C(a)
(22)
reach the target sét,, Ho, Do) € M. The control problem 2H;kﬂ(oz) = —[A(a) + L(a)C(a)] Hip 1 ()
can be given as o _
— Hapy1(a)[Ae) + L(@)C(a)]
. St H(to K). Dlte. K - HZHI(Q)L(Q)C(O‘)
Ke]@f:)l-l,_tri)wa ¢( 0, ( 0, )7 ( 0, )) a _ L/(Q)C/(Q)HZ+1(CY) _ Ql(a)
50 Hani(@) = —[A(@) + L(@)C()] Hppi(@)
subject to the equations of motion - HZH( )[[l( ) + L(a)C()]
L 14(0) =F(a, H(a). K(a) - Z i e )
dd D(a) =G(ov, H(c)) +H2k+j( a)la(a)Hyy;— ()
“ + My (@) g (a)Hay y ()
with H(ty) = H; andD(tf) = Dy. + H;k+j(a)n3(a)H;k+ij(a):|
Th 1 (Pham, [9], pp. 220-222): The K* that mini- " / / "
mizesdy s genby e - (L0 - C@ ),
fori=2,--- k andHj(ty) =0 for j =1,---,3k. Also
the Kalman gain
K*(a) = —R;! P H (o 20
= 27 ] . L(t) = [S()C'(t) + E@)T (1) 2! (24)




where is the solution to for the disturbance. This then gives the performance index

d i - for the control

T2 =ADT() + 2 A (1) + (t)WE’(t) )
- [EOC(t) + EQT ()] =" (25) ¢1(t, 25 K, K3) = > aly Halto; k)Ta, + D(to; k),
[CHE) + T () E (1)) j=1

where (o) = 0. and, for the disturbance

k

IV. STATE ESTIMATE INFORMATION FORBOTH PLAYERS bo(t,x; K* Ko) = ZxQOHa(to;k):L'ao + D(to; k).

In the previous section, the disturbance had full state j=1
information, while the control was required to base itsppe functions H,, D are still obtained by (16) and (17)
decision on state estimates. It is only natural to Wondenwhgj . D are then given by
the solution might be in the case where both players have”
to estimate the state. That's what will be discussed in this? Ho(o,1) = —F!(a)Hy(, 1) — Hy(a, 1)Fy(a)
section. da ¢ “ e

The problem will be the same as before with a linear —Nu(a)
system described by (1) and costs (3). Before, the distagban d - . / -~ . — .
w)i/shed to minimize%ée)mean of its(cz)st, whereas the controlia a(oi) = —Fy(@)Ha(e,7) = Ho(a, 1) Fa()
minimized a linear combination of cumulants. In this sattio Ut S

the problem will be more general in which the control and — Ho(a, ) Eq ()W () Eq (o) Ho(eryi — j)

(i — 7)1
disturbance will want to minimize a linear combination of =1 M= 7
cumulants. One other difference is that in this problemhbot I and (@7
player's strategies will be assumed to be linear, that iy thd®" 2,---,kan

will be of the form

u(t) = u(t,3(1) =K (1) (1) 26
w(t) = v(t, &(t)) =Ko (t)i(t) (26) fori= , k. Also, recall the partition (18). Let there be

. a S|m|Iar partltlon forH,(c,i). Now we can define
where they are dependent on an estimate of the state

and K, K, are respectivelyn x n andp x n matrices with " =(H1, -, Hi, Hgy1, - s How, Horg1, -+, Hak)
continuous entries on the interv, ¢ ¢]. =(Hia, - Hyga, Hig,ooo  Hig2, His, oo Hi 3),
With this definition, we are able to define the system as 7 Cn o ’
. ’ D=(Dy,-- ,Dy) = (Dy,---,Dy).
before with (14), but now have @ k)= (D1 2

o [A+BK+DK2 LC

dil_)(oz, i) =—tr (Ho(o, i) Eo(a)Wo () EL (o)) (28)

There are similar definitions for the disturbance, only aepl
ing H, D, F,G with H, D, F,G. The equations of motion for

0 A-LC the control are then given by
where the time arguments have been suppressed. Also, the
costs can be redefined in the similar way @H(O‘) =F(a, H(a), K(a))
ty d
Jl(t0>xO§Na) :/ x;(t)Na(t)xa(t)dtv daD( a) g(a,H(a))
to
B K3 (), then the functionsr, - - - , Fj, are then given
i = [AO+KOROKO Q0] Dol s () b .
¢ Q1(t) Q:(t)]” _
" FilasH K) == [A(a) + B(0) K (a) i (a)
To(to, w0; Na) = /tf 2, (t)Na(t)a (t)dt ~Ma(@lA(e) + Blo)K (o))
205 +0y4Va) — " a a a 9 _ K/(Oé)Rl(Oé)K(Oé) Ql(a)
where Fi(a, ”, K) = — [A(a) ‘tB(a)K(Q)]/Hi(Q)
, — [52K§K2 —~ %2 — K'RyK —82:| . - ﬁz’l(a)[A(a) + B(a) K ()]
—Q2 —Q2 — 2!
i i _Z (i — ,[Hj(a)Hl(a)H,](a)
The k-cumulant cost functions can now be given as = =)
kg = xq Ha(to; k) ey + D(to; k) + Hitj (@) a2 (@) Hi—j()
I1 i
for the control and  Hy (@I (@) g (@)
o = 2l Ho (t0: K)oy + Dito: ) a0 0)



Fr1(a, M, K) = — [A(e) + B(a) K ()] Hi41(a) and
— Hia(@)[A(e) +L( )C ()]
Q1(@)

—Hi(a)L(a)C(a) - Forr(a, H, Ka) = — [A(@) + L()C ()] Hag 41 (a)
Figila,H, K) = — [A(e) + B(a)K ()] Hppi () — o1 (@)[A(a) + L(@)C(a)]
fHH,( )[A+ (a)C(a)] — Hir (@) L(@)C(a)
— L'(a)C" (@) Hgy1(a) + Qa(e)
T e m @)
j J for the Fy;,1 equation. The equations of motion for the
+Hk+](a)H2(Oé)Hk+z j(a) disturbance are then given by
Hj(a) Ty () Hakri—j(@) g -
- Hpors ()T (0) Hapr s m)] %H(a) — F(a, A(a), Ka(a)
Hi(a)L(a)C(a) @@(a) =G(a, H(a))
Forr1(a, H, K) = —[A(a) + L(a)C ()] Hog1 () _ _ _ _
_H2k+1< )[ (a (a)C(a)] WhereH(tf) = Hf andD(tf) = Df. o
e T2 g S
—1(@)C" (@) Higa (@) — Qi () 1
Foryi(a, H, K) = —[A(a) + B(a)K ()] Hagyi(a)
~Hisi(@)[Ale) + B(a)K (@) K*(a) = —Ry'( Z%H* (29)
-3 P @) (@) (e) A
j=17" ' and K3 that minimizeso
+Haptj ()2 () Hiti—j (@) i
+H g () Ty (@) Hopgij () () — D Z )
Moty () a5 (0)] T n

—Hi()L(a)C(e) = C'(a) L' () Hi(e) A , - - 3
where?; = v; /71, with a similar definition fory;. The H;

and are solutions to

Gi(o, H) = — tr (Hi(a)ILi (@) — tr (Hei ()12 ()
_ ! _ ) 0 _

o O) = e @O () =~ ) + Bl K @) (@)

otice that this is almost the same as in the development . . 31
for the control's strategy in the previous section. However ! ( J[A(@) + B(a) K" ()] 1)
there is one slight difference, and that is in the+ LC)| ~ K" (a VR () K™ (o) — Q1 ()
term. In the previous work, this term was affected by the
disturbance’s optimal strategy, because it was a full state

solution. However, here, that presence is not seen. O ey i Bla) K*(a)'H*
Notice also that, for the case of> 1, the result for the da (@) [A(e) + Bla) K (a)]Hi (o)
disturbance will be the same, only with;, , replaced by — H; (a)[A(e) + B(a)K* ()]
F;, H, and A(«) replaced byA(«) = A(a) + B(o) K*(«). et S
This is also true for theG equation, fori = 1,--- k. _Zﬁ Hi () ()H]_ (@)
However for thei = 1 case, theF; equation becomes =TI (32)
Fila, 7 K5) = = [A(a) + D(a) Kz(a)] (@) Mg ()L () ()
~ Fa(@)[A(0) + D(a) Ka()] TG (@) iy o
— 5" Kp(a)(@)K (a) +H;;+j<a>n3<am,:+ij<a>}

+ Qa2(0) + K3 (a) Ry(0) Ka().
Similarly the 7, equation 5 )
Frsr(o,H, Ka) = = [A(a) + D(a) Ka(a)] H1(e) 9 (@) == [A(e) + Bla) K™ ()] Hj1.(0)
~ Hia(a)[A(@) + L(@)C(a)] —Hi (@A) + L(a)C(a)] (3
—Hi(a) L(e)C(a) + Q2(ev) —Hi(a)L(@)C(a) — Q1(a)



2 Hii(0) =~ [A(0) + B(o)

(
~ M, (0)[A(0) + L(a)C(a)
— 2
R 2yl [t
+Hk+ a)H2(a)Hl€+z ](a)
( *H a)H2k+z ](Oé)
)T (a) i 7<a>]
L(a)C(a)

K ()] Hj ()

QM)

+ Hirj

(
)
(
()
9 My (@) = ~[A(@) + L(@)C(0)] My (0)
Hgi (0)[A(@) + L(0)C (o)
Hir (@) L(a)C()

—L(a)C (@) H 1 () = Qu(a)

2 Mia(0) = ~[A(@) + L(0) O] Hhyss (o)
H (@) A(0) + L(0)C(a)

Z (221_3) [Hk+J( )Hl(Q)HZ—H—j(a)
o) M i ()
(o) sy (0)
+H2k+j<a>H3<a>Hzm_j<a>]

+H2k+J (a)
+Hk:+_] (Oé)

—H (@) L(@)C(a) — C'() L (a)H; (@) .
for i = 2,--- k. Likewise, theH; are solutions to
2 Fj(0) =~ [A(0) + D(a) K3 ()] Hi (o)
— H;(a)[A() + D(a)K3(a)]
— 82K3 Ko + K* (a)Ra(a) K*(a) + Qa(a)
(37)
%H;*(a) = — [A(a) + D(a) K3 () H (o)

2 (@)A() + D(0) K3 (@)
7—1 22'
S ]>[ M)
+Hk+j<a> (@) ()
T @) ()
(0TI

R (0)TT(a)H Aa)}

9 Fir (@) = — [Afe) + D(0) K (@) Hi1 )

— i1 (@)[A(e) + L(@)C(a)]
= Hi(a)L(@)C(a) + Q2(a)

(39)

0

50 i) = = [A(a) + D(@) K3 ()] Hiiyi(o)

- ﬁ’éﬂ(a)[A(a) + L(e)C(a)]

—[A(a) + L(a)C(a)]’H’z‘kH(a)
(@A) + L(@)C(a)
L2 . o
- [Hkﬂ(a)m(ozwm_j(a)
Q(O‘)HZ—H‘—]‘(@)
+ Hiyj (@) (@) Hay (@)

+ Hipp (@)1
R ()T () s <a>]

— H (@) L(a)C(a)
— C'(a) L (@) (o)
(42)
fori=2,.-- kandHj(t;) =0forj=1,--- 3k
Also the Kalman gain
L(t) = [B()C'(t) + E@T(1)] =71 (43)
whereX is the solution to
9 50) =AW + S0 A (W) + EQWE ()
— [B()C' (1) + BT (1)] 2! (44)

)
[CO() +T'(1) E' (1))

wherei(ty) = 0.

Proof: Let K} be as given in (30). Then by the use of
the results in Pham, [9], pp. 220-222, the optinkélis as
given in (29). Similarly if we letK™* be as in (29), then the
results of Pham may be used to yield (30). ]

V. FIRST GENERATION STRUCTURAL BENCHMARK

The first generation benchmark for buildings under seismic
disturbances, [12], will be used to apply the control prable
where the disturbance has full state information and the
control has only information on the state estimates. The
uncertainty weights will be the same as was done in [3],
which was taken from [6]. The parameters in the control
will be given asé = 19, vy = 1, v» = 1.1e — 5, and



v3 = 3.2e — 13. Along with the system description, [12]
gives ten structural performance criteria, which are giaen

Ji-J1o. Note that this a bit of an abuse of notation in this

paper, since we also have and.J; as given in (3), but they
are different. These criteria help determine the perfoaan
of the controlled system’s interstory drifts, accelenasip

and the control effort used and are not quadratic in nature.
Also the benchmark paper details constraints imposed on
the control effort. The control was applied to the benchmark

problem and the results for the structural performanceréait

are given in Table 1.

TABLE |
BENCHMARK RESULTS
LQG 3 Cumulant

OF MCC

J1 0.2898 0.2065

Ja 0.4439 0.3132

Js 0.4843 0.7303

Ja 0.4856 0.7424

Js 0.5976 0.7401

Je 0.4559 0.3845

J7 0.7096 0.6678

Jg 0.6695 1.3524

Jg 0.7807 1.3794
J1o 1.3142 1.5499

ou 0.1441 0.2369
O 0.6341 0.9561
O 1.0696 1.3247
maxg |ul 0.5259 1.0151
maxi [Tm | 2.0060 3.6412
maxt [Zam| | 4.7454 |  5.4388

for
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Fig. 1. Interstory Drifts for the Structure

the case of the disturbance having full state feedback

were applied to the first generation structural benchmark fo
structures under seismic excitation.

(1]

(2]
(3]

The results show that there is a decrease of 28.7% and!

29.4% of the rms drift and acceleration criteria and

Jo over LQG. Similarly, for the peak responses there is[5]
a decrease of 15.7% and 5.9% for the peak drift and

acceleration criterialg and J;, respectively. Notice that the
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