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摘 要 

I 

摘  要 

    本文研究了显式构造降阶 H∞控制器与滤波器的方法，主要的研究工作包括

以下几个方面。 

首先，研究广义连续系统的降阶 H∞ 滤波器的设计问题。目的是设计出的线

性滤波器的阶数要低于给定系统的维数，同时使得滤波误差动态系统是容许的，

并且满足一定的 H∞ 性能指标。主要的工作是提出了降阶 H∞ 滤波器阶数的一个

新的上界，并给出了相应的降阶算法。降阶滤波器问题的可解性的充分必要条件

是矩阵不等式和非凸秩约束组成的方程组的可解性，这里是使用显式构造的算法

来解决这个非凸优化问题，并且给出了一个计算方法来求得相应矩阵不等式方程

组的可行解。数值例子说明了该降阶设计算法的有效性。 

其次，研究一类混合H2/H∞降阶控制器的设计问题。已知在H∞控制问题中存

在着降阶H∞控制器阶数的一个新上界，并且可以通过计算两个传递函数矩阵在

非稳定区域中矩阵束的最小秩来求得这个新上界。当对应的非稳定不变零点存在

时，本文指出，对于所述对象，若混合H2/H∞控制问题可解，则必存在阶数小于

相应系统的新上界的降阶H2/H∞控制器。由于构造性的证明过程，可以给出设计

此降阶H2/H∞控制器的算法。这个证明过程只和LMI算法和凸优化有关。本文的

结果同时适用于连续与离散的情形。 

最后，研究基于Luenberger观测器的广义系统降阶H∞控制器的设计问题，并

且该观测器是关于干扰解耦的。首先是给出了广义系统H∞状态反馈控制问题的

一个充要条件，并利用线性矩阵不等式方法求解出广义系统的H∞状态反馈增益。

然后对该H∞状态反馈增益进行渐进降阶观测，基于广义Sylvester矩阵方程的显式

通解的参数化设计方法，实现了广义系统的降阶H∞ 控制。主要的工作是给出了

相应的广义线性系统降阶H∞控制器的设计算法。数值例子说明了降阶算法的有

效性。 

 

关键词：降阶滤波器；线性矩阵不等式；H∞滤波；混合 H2/H∞控制；降阶

控制器；广义系统；H∞控制；Luenberger 观测器 
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ABSTRACT 

III 

ABSTRACT 

In this dissertation, reduced-order H∞ controller and filter design methods are 

investigated. The main contributions of this dissertation are as follows. 

Firstly, we consider reduced-order H∞ filtering design for continuous descriptor 

systems. The purpose is to design linear filters with a specified order lower than the 

given system such that the filtering error dynamic system is admissible and satisfies a 

prescribed H∞ performance level. One major contribution of the present work is that a 

new upper bound of order reduction is proposed in continuous-time context. An 

algorithm for constructing the reduced-order H∞ filtering is given. It is known that the 

necessary and sufficient conditions for the solvability of this problem are 

characterized in terms of matrix inequalities and a coupling non-convex rank 

constraint. The algorithm to deal with the non-convex optimal problem is constructive, 

which leads to a computational method to solve the matrix inequalities. An illustrative 

example is given to show the efficiency of our approach. 

Secondly, we consider reduced-order controllers for a class of mixed H2/H∞ 

control problem. There is a new controller degree bound for the H∞ control problem in 

terms of the minimal rank of the system matrix pencils of these two transfer function 

matrices in the unstable region. When the unstable invariant zero exists, this paper 

shows the following important result: If the mixed H2/H∞ problem is solvable, then 

there must exist reduced-order controllers with orders less than that of generalized 

plant. Moreover, we can also give new feasible LMI-based design methods for 

constructing the reduced-order controller because of the constructive proof, which 

only involve algorithms and convex optimizatin of LMI. The result developed in this 

paper are valid both for the continuous- and discrete-time mixed H2/H∞ control 

problems. 

Finally, robust reduced-order Luenberger observer-based H∞ controller design for 

descriptor systems is investigate. This observer is with disturbance decoupling. Firstly, 

a necessary and sufficient condition for the H∞ state-feedback control problem of 
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IV 

descriptor systems is established. Then get the H∞ state-feedback gain matrixs by 

solving LMIs. This paper observe the H∞ state-feedback gains gradually. Based on the 

parametric design approach for generalized Sylvester matrix equations, the 

reduced-order H∞ controller design for descriptor systems is realized. One major 

contribution of the present work is that a design algorithm for constructing the 

reduced-order H∞ controller is given. An illustrative example is given to show the 

efficiency of our approach. 

 

Key words: Reduced-order filters; Linear matrix inequality; H∞ filtering; Mixed 

H2/H∞ control; Reduced-order controller; Descriptor systems; H∞ control; Luenberger 

observers 
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符号与缩写 

ARE      代数 Riccati 方程 

ARI       代数 Riccati 不等式 

diag       对角矩阵 

LMI       线性矩阵不等式 

LQG       线性二次高斯 

nI          nn× 的单位矩阵 

I          合适维数的单位矩阵 

TA         A 的转置 

1−A         A 的逆 

+A        A 的 Moore-Penrose 逆 

rank A       A 的秩 

A          A 的范数 

AKer        A 的核空间 

Im A         A 的值域空间 

BA >        BA− 为正定矩阵 

BA <        BA − 为负定矩阵 

BA ≥       BA − 为半正定矩阵 

BA ≤       BA − 为半负定矩阵 

{A: P}     具有性质P的集合 

:=            定义为 

Sym( , , )E X F    代表 ( )TEXF EXF+  

2[0, )L ∞       在 ),0[ ∞ 上平方可

积的函数空间 

 

A B
C D
⎡ ⎤
⎢ ⎥
⎣ ⎦

   DBAsIC +− −1)( (连

续情形)或 DBAzIC +− −1)( (离散

情形)，其状态空间表现分别为 

⎩
⎨
⎧

+=
+=

DuCxy
BuAxx&

( 连 续 情 形 ) 和

⎩
⎨
⎧

+=
+=+

kkk

kkk

DuCxy
BuAxx 1 (离散情形) 

⊥A     TTKerA )( 即满足如下条

件 的 矩 阵 ： AKerA Im=⊥ ，

0>⊥⊥ TAA  

∞
)(sG    G(s)的 H∞范数，即

))((max
}0{

jwG
Rw

σ
Υ+∈

 

),min( ba    a, b 的最小值 

),max( ba    a, b 的最大值 

R          实数域 

+R         正实数域 

C          复数域 

−C         实部小于 0 的复数域 

R n m×      实元素 mn× 线性空间 

αRe        C∈α 的实部 
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