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Design of complex control systems is difficult to
mechanize. The difficulties arise from the lack of de-
sign methodologies that actively exploit and efficiently
represent the special nature of nonlinear dynamics, and
from the lack of high-level computational tools that ef-
fectively use the representation to guide and perform
the control design.

My research is concerned with the mechanization of
control design tasks by computer programs. The work
reported in [1991a; 1991b; 1992aj demonstrates that
the difficult control design tasks can be automated,
and is summarized as follows:

(1) This work.has developed a phase-space qualita-
tive representation for complex behaviors of dynam-
ical systems and a design language for computation-
ally expressing and manipulating these behaviors. The
qualitative representation captures the gross aspects
of dynamics in a relational graph of phase-space struc-
ture and a set of discrete objects called flow pipes---the
equivalence classes of behaviors. The design language
describes a control design task in terms of well-defined
geometric, combinatorial operations on the flow pipes.
This language helps formalize aspects of implicit ex-
pert reasoning of control engineers in solving control
design problems.

(2) This work has constructed a computational en-
vironment, the Control Engineer’s Workbench,
integrating a suite of programs that automatically an-
alyze and design high-performance, global controllers
for a large class of nonlinear systems. These programs
combine powerful techniques from numerical and sym-
bolic computations with novel representation and rea-
soning mechanisms of artificial intelligence. The two
major components in the Workbench--Phase Space
Navigator and MAPS--work together to visualize and
model the phase-space geometry and topology of a
given system. They reason about and manipulate the
phase-space geometry and topology and search for op-
timal control paths connecting initial state and the de-
sired state for the system. The Workbench represents
the result of design and analysis in a symbolic form

*Currently at: Comp. & Info. Sci., Ohio State Univ.,
2036 Nell Ave., Columbus, OH 43210. Tel. 614-292-1553.

manipulable by other programs, and produces a high-
level summary meaningful to professional engineers. It
also presents the result in a graphical form.

(3) This work has demonstrated the Workbench 
an application of great practical interest: the Work-
bench helped design a high-quality controller for a
magnetic levitation system--the German Transrapid
system. The controller synthesized by the Workbench
outperforms the one manually designed for the same
system by professional control engineers: our controller
stabilizes the maglev vehicle with much larger initial
displacements than those allowed in the manual design
using classical linear feedbacl¢ technique [1992b].

We have also identified the following issues that are
critical in mechanizing the control design:

¯ The mechanization calls for a concise representation
that captures essential features of a control system.
The representation should be sensible to human en-
gineers and manipulable by other programs.

¯ The mechanization needs modeling algorithms to ef-
ficiently construct the representation from simula-
tions.

¯ The mechanization also needs a reasoning mecha-
nism to efficiently manipulate the representation for
synthesizing a control law.
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