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Abstract

This paper is on a discrete controller order reduction with the closed-loop stability and performance
guaranteed. To achieve this, after {inding the solutions of two Lyapunov inequalities and balancing the
full order controller system, we find the reduced order controllers using the balanced truncation(BT)
and the balanced singular perturbation approximation(BSPA). When the solutions of the two Lyapunov
inequalities exist, it is shown that the resulting controllers guarantee the closed-loop stability, and o

norm error bounds are derived for the closed-loop performance degradation. Especially, the error for
closed-loop system is relatively small in high frequency region for the BT and in low frequency region
for the BSPA. Finally, a numerical example is given to illustrate the validity of the proposed method.
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& LCu+CrA 7' BuFDpC o) +LC A (A +B nFDpCo)I—A o) '\A
=I(Cit CoA'BoFDuC ) +LC A 'A,

=L{Ci t CowA MA y+B oFDuC )

—L(Cu+CpuA™'2)
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BuF = (Bu+A pU—~A ) "Bl (F+FDuC o A7 B uF)

= (B +BuFDuC A 'Bp)F+A u(I~A ) B+ BupFDpCuA 'Bp)F
= (Bu+BuFDuC oA 'Bo)F +A g~ A w) (A+B uFDpC 0)A 'BoF
= (B +BuFDypC oA 'B)F+A A 'BoF
= {By + (A g+ BuFDuC A B)F

— (By+TAT'B,)F (56)

A B FDpCr=An+AnI—Aw '"AgtBFDulCu+CiuI—Ay) 'Ay)
= Ay +AgI=Aw) 'Ayt BiFDnCu+ BiFDpCulI—Aw) Ay

=An+Ap(l- Ay) 'Ayt By +IATB)FDLC y
+(Bu+IA7'BR)FDRC - A ) Ay

= At BuFDpC o +1(I1-A ) A g+ A T'B oFDpC
AT B oFDypC (I~ A o) A

= Au+B g FDuC o+ I+ A "B gFDpC ol I—A ) 'Aw
+IA™'B @wFDyC 4

= Ay +BuFDyCy +IIA A y+1IA7'B oFDpCy

(57

= A 4+ BuFDyCy +IA7'Q

Al (B3)~(57)2 AlEs

ol-gskd A,=4, B,= B,

]
C,=C,D,=D, 5] UFHERE T,.(2 = T.(2)
ol
(Hzl 12 iii) 39Y)
greF Dy, =0olwl 4] (36) 0.2
AFQAK— @y + CEDEDCx < —CRBIQB,Cx <0 (58)
olal T,ol j3te] FApEabH
- o A Ap B, D

DuK(2Dy = | TekTe, T EBK"Z'] —| Aw Ay BuD,

DpCrTy” DpDiDy DiCh DuCr DpDgDy

(59)

O|EE  DLK(2Dy2 BTv DuK2Dyde fA ¢

2~

= 313,

[J“h’(z)r)ﬂ:[ AptApli-Aw Ay BuDy+A g(i—A ) "'B by ]

DiC o+ DuCaoll=A W) ' A g DoDiDy +DyC lI—A 1) 7' B oy

(60)
°|BZ DLK(2)Dy 2 BSPAY D,R(2)Dyolck mehA
Al (15)¢F ®xAE 1A Lyapunov #5219 &
0] 43 BTS2} BSPAL co-luf AZHAIXE Fohe
ol wWER | Dp(K(2) — K(2)Dy |l <2Tr(Z ) 7
| Dyp(K(2) — R(2))Dy |1 < 2Te( S ) 0] WHEFICE
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