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INTRODUCTION

Principal aim of this topic is to investigate a novel approach to the base shape analysis of a given
shape, that is, a decomposition of the shape into geometrically meaningful ’base shapes” that pro-
vides geometric insight and hence lends itself to an intuitive refinement of a design while preserving
geometric structure. This will greatly facilitate design processes that involve free-form shapes and
transitions between physical and computational modelling.

FUNDAMENTAL OF THE PROBLEM

Darboux-Bicklund-transformation and cross-ratio are two key points which I have had to become
familiar with. Darboux-Bécklund-transformations of curves are a kind of transformations which have
helped to preserve the defining geometric features of their respective base surface classes !, They
are considered a special type of Ribaucour transformation which is formed by two curves x, X : [ — R"
if tangents at corresponding points x(s) and £(s) are tangent to a common circle c(s), i.e., if its tangent

cross-ratio

cr=x'(&—x)"Wds(x—x)~!

is real.
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From three non-collinear points g;,g>,g4 and a real number,
there exists a fourth point on a circle such that
—1 ~1
cr=1(q1—q2)(92—q3)" (93 —q4)(qa—q1) )

X
holds. Figure 1:

. . . Darboux-Bécklund-transformation
Thus, repeated transformations via cross-ratio generate new

curves in the space.

We explore the relation between analogous smooth and discrete
theories in a setting to analyze if the interplay between them

. A
becomes tangible. ad__q3 %

From a given discrete curve, we analyze new Darboux trans-

forms by observing how the cross-ratio, the initial point and X
the number of points in which the initial curve is divided affect gl 42
them. Figure 2: Cross-ratio-transformation

Our next mission is to compose some Mdbius transformations ?! in order to get specific curves in
the space. This is possible because the composition of two Mobius transformations is again a Mobius
transformation B3I,

2= 1 1f1(2)) = p>



Interfacing areas between my research and the research fields of my institute are Transformation
theory of curves and surfaces, Discrete differential geometry, Geometric modelling and Architectural
geometry.

RESULTS AND DISCUSSION

From the same value of cross-ratio, the transformation of a » ° I .
smooth curve will be different from the same curve discretized. é\ 5
Likewise, two different discretizations will have different trans- A % /‘/
formations. These differences will be null in transformations of C; ' >

the initial point and will increase as we move away from it. C\ /’/

Using Darboux-Biécklund-transformation, it is possible to get Figure 3: Smooth-discrete curves

any curve ¢ from another one ¢’ divided into the same number
of segments if and only if ¢ is transformed the same number
of times than the number of segments have and the value of 91

cross-ratio in every transformation will be prescribed for all the
segments (r,s,¢) belonging to that curve.

In the same way, a curve c¢ can be transformed being prescribed 12 S, ~— 3

the initial and final points pg, p,, of the transformation. The m
cross-ratio will be prescribed for all the segments, except for the T ~—

last two ones p,,pn—1,p,—», because cross-ratio in py, pn—1 Figure 4: Composition Mobius
and p,_1, pn_> shall ensure that p,_| will coincide in both trans- transformations
formations.

CONCLUSION

As transformations are intimately related to the generation of discrete and semi-discrete surfaces, the
control of developed methods will not only apply to smooth surfaces used in design, but also to faceted
and panelled surfaces that lend themselves more easily to modelling and physical construction. The
next steps will be to analyze the advantages over other forms of design 4.

REFERENCES

[1] F Burstall, U Hertrich-Jeromin, C Miiller, W Rossman: Semi-discrete isothermic surfaces; Geom. Dedicata
183 (2016) 43-58, June 2015.

[2] H Pottmann, A Asperl, M Hofer, A Kilian: Architectural geometry; Bentley Institute Press, 2007.

[3] U Hertrich-Jeromin: Introduction to Mobius differential geometry; London Math Soc Lect Note Ser 300,
Cambridge University Press, 2003.

[4] E Colabella: Generative Art; Domus Argenia Publ, Proc GA2008, Milan, 2008.



