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Preface

This book presents foundations and algorithms of a new design field: developmental design.

Four dimensions are used to this research. @ Macro-level. Design is categorized as Produc-
tive Science by philosophizing the nature of design. @ Systematical level. The concepts in Syner-
getics and embryogenesis are used to explain and describe the design process. This approach re-
sults in a Six Stage Design Model. Three developmental mechanisms in Embryogenesis are used
to map functions onto structures, and the Order Parameters in Synergetics are used to describe
the key factors that govern the growth of the structure. @ Methodology level. To model the de-
sign concepts at different stages and to formularize the transformation of design concepts between
stages, matrix theory, graph theory, induction rules, neural networks, game theory and opti-
mization theory are used to represent design concepts and to develop the design concepts step by
step. @ Application level. A multidisciplinary (including vibration control and attitude control)
design framework for the structure system of small satellite is presented to illustrate the applica-
tion of the Six Stage Design Model.

The outcomes of the research can be summarized as three points and one model. Firstly, de-
sign can be categorized as Productive Science. Secondly, the design can be described as a devel-
opmental process using concepts from embryogenesis. Thirdly, the Order Parameters of the de-
sign of artifacts are the properties and property relationship. The model is a Six Stage Design
Model, named as Developmental Design. The Six Stage model encompasses 6 stages: Function
stage, Surrogate state, Property stage, Specification stage, Feature stage, and Parameter
stage. Design concepts are developed from abstract properties to concrete structural parameters
step by step. The control of the system is achieved using neural networks and it is concurrently
generated with the structural development. Two basic neural network patterns are proposed based
on neural pathways of organisms: Reflex Arc Model and Four Loop Control Model (the cerebel-
lum loop, the basal ganglia loop, the thalamus loop, and the spinal cord loop) .

There are four features of the proposed design model. @ The design process is formalized
and formulized so that the design process can be analyzed using mathematics. @) The boundary of
design stage is clear so that it serves teamwork and computer design agent. 3) Control systems
and structures are concurrently generated. @ The growth form information representation of this
model benefits the interaction of multiple design agents.

This research distinguishes itself by transforming design concepts from abstract concepts to
concrete structural parameters step by step by simulating the developmental process of organ-

isms, and representing the design process using graph theory and game theory. This research
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lays foundation for autonomous design as well as autonomous artifact.

The book is arranged as follows. Chapter 1 reviews and analyzes the design research in the
past half century and discusses the importance of a new design research pattern based on systems
evolution theory. Chapter 2 discusses the difference between biology inspired design and the de-
velopmental design. Chapter 3 investigated the nature of design in terms of Aristotle’ s science
classification. Chapter 4, 5, 6 and Chapter 7 present foundations and algorithms of developmen-
tal design and advance a six stage design model. The model represents the design process at six
stages and transform the design concepts between them using three developmental mecha-
nisms. Chapter 8 presents a design case of a small satellite. Chapter 9 systematically summarizes
the six stage design model and algorithms. Finally, Chapter 10 presents a summary and discus-

sion for the future research.
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