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Abstract

A computer aided design software package for Multivariable Control
Systems with State — variahle description (MCSS for short) has been
developed. MCSS can be used to solve most of the analysis and synthesis
problems in control engineering. During MCSS development, a set of
systematic methods and rules in software structure are proposed. A new
way to install a large scale software on a microcomputer system with
limited memory has been proposed. Many effective up—-to-date numerical
methods are applied and some of which are presented by the authors.
Now, MCSS has been used in the area of control engineering and proved

to be very effective.

With the development of modern control theory, the state-—
variable description approach is widely used in the analysis and
design of multivariable control systems. Because of the complexity
of the computation, it is difficult for engineers to apply the
modern control theory in practice. MCSS has built a bridge between
the theory and the practice. It can be used to solve most of the

analysis and synthesis problems in control engineering.
1. Functions of MCSS

MCSS is composed of five parts.

System Model Transformation and Reduction
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This part consists of three functions.

1) Minimal realization, the frequency domain model is realized to
the time domain model with minimal orders;

2) Transforming the system model from time domain into
frequency domain;

3) Model reduction, the model is reduced to the one with less
orders [13.
System Analysis

The seven functions of this part are as follows,

1) Transforming system into controllable standard canonical
form;

2) Transforming system into observable standard canonical form;
(In 1) and 2), one can select Luenberger’s first or second
or Wonham’s standard canonical form )

Controllable canonical decomposition;

w
A

4) Observable canonical decomposition;

5) Determining the stabilizability of a system,

6> Determining the detectability of a system;

7> Determining the stability of a system.
System Synthesis
It is the central part of MCSS. This part consists of six
functions. ‘ '

1) Designing the feedback regulator using pole assignment method;

2 Designing the state observer;

3) Solving matrix Riccati equations (differential and algebraic
Riccati equations); c

4) Designing the linear optimal controller with quadratic

performance criterion (L. Q. problem);

(2

Designing Kalman filter;

6) Designing the linear optimal controller with quadratic
performance criterion and Guassian noise (L. Q. G. problem).
All the functions just mentioned can” be used for both the

Continuous — time and discrete—time systems. Because of the

importance of solving the Algebraic Riccati Equation ( ARE for

short), MCSS provides with the following four methods for ARE.

1) “Trial and error” methodr2]:

2) Sign function method;
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3) Distributed computation method (3];
1) Spectrum decomposition method.

When a system is uncontrollable but stabilizable, MCSS provides
autematically with an effective method to obtain all the results.

System Simulation

All the functions mentioned in the first three parts above can be
simulated in this part. The simulation results are obtained in the
forms of both data and graph.

System Data Maintenance

As a complete and convenient application software system,
MCSS presents an easy way for users to maintain the data used for

solving their problems.

2, Structure of MCSS

The Environment of MCSS

MCSS has been installed on different kinds of computer systems.
Though MCSS will take the storage capacity over 600k bytes, it
canm run on a computer system in which the memory capacity is
only equal to 64k bytes.

MCSS possesses a management system. In the process of
programming, we paid great attentions to the reliability, testability,
maintainability, efficicncy, understandability and adaptability of
the program. MCSS has heen designed to be an application software
system based on the computer’s operating systeni.

The commands of MCSS are casy to understand and master.
MCSS is transparent to users.

Programming of MCSS

In programming, a set of systematic mcthods and rules in
software structure are proposed for the development of application
software system{4J. The main methods and rules are as follows.
taking the advantages of the structured programming method;
considering the specialities of application software system; using
the structured programming {low, function decomposition and
top—down design methods.

The Treatment of Data Structure

MCSS is programmed in FORTRAN language. In order to use

the unified management method for memory and external storage, a
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data management system is given. The main tasks of this system
arc as follows;

1) Building a document for all existing data;

2) Setting a memory area for all data;

3) The changing of information in static area is not permitted
unless the privileged program;

> The dynamic area in the system are partitioned.

W

Software Verification and Validation

The reliability of software is an important measure of the
software. It primarily depends on the verification and validation
of the software. A “trial and error” method is presented in MCSS’s
verification. A lot of other wverification methods, such as
verification wusing a program itself, verification wusing other
programs, and using different algorithms to solve the same problem
then compéring the results, are also given.

Structure of Large Scale Software Package

MCSS is suitable for different computer systems with both large
and small memory. In order to install the software system on
different computers, different structures have been designed to suit
each program level.

Install a Large Scale Software Package

on a Computer with Small Memory

A lot of technical problems have been solved to install MCSS,

which takes over 600K memory, to the microcomputers (5.

3, Algorithms of MCSS

In order to make the computation more reliable, stable
and take less memory, some up=—to-data numerical algorithms,
such as singular value decomposition algorithm, QR algorithm,
Householder transformation, Cholesky decomposition, etc., have
been used. The algorithms for solving ARE have been summed up
{3]. Some cffective algorithms, including sign function method and
spectrum decomposition method, have been sclected:

Furthermore, we developed some new effective algorithms
as follows.

1) “Trial and error” approach to the solution of ARE(2);

2) Distributed algorithm for solving ARE in weakly coupled
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large scale systems(3]:

3) A singular value decomposition approach to the model
reduction (1).

4) A general algorithm js developed to solve ARE, in which the
control system is uncontrollable but stabilizable.
A set of algorithms with redundancy have been proposed and a

technique for automatically changing algorithms has been given.

They make MCSS more reliable.

4, Conclusion

MCSS is an application software system. [t has been wused in
many institutes and universities in China and proved to be very
effective. With the development of modern control theory, computer
science and technology, MCSS s going to be expanded and will

take the advantages of the expert system and intelligent database.
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