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ORIGINS AND INFLUENCES 
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“Year 1950, my first project” G. Scarpa 



4PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 



5PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 



6PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 



7PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

PAUL KLEE 
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“If you are going to do research in 

bionics, don’t forget to study seeds, 

for the knowledge that nature 

displays in their creation, and for 

the originality and unpredictability 

of some of their self-dispersal 

mechanisms.” 

                      Giorgio Scarpa, 1988
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SCIENTIFIC AMERICAN SCIENTIFIC AMERICAN 
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GRUPPO V  

CIBERNETICA 
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ISIA FAENZA ISIA FAENZA 
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TRANSFORMABLE CUBE , 1965. 
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TRANSFORMABLE TRIANGLE , 1965. 
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DNA MODEL, C. 1985. 
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RESEARCH AND TEACHING  
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PLATONIC 

SOLIDS 

(REGULAR 

POLYHEDRA) 
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Geometric 
operations: 

Sections 
Rotations 
Translations 
Flips 
Foldings 
Joining 
Hinges 

2D –> 3D 
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2D –> 3D 
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SECTIONS 
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C

B

B D

CUBE DIVIDED IN TWO PARTS 

MIRROR SYMMETRY 
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C C

C C

ROTATION OF 180˚ 
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B

B

Z

INTERNAL PLANES 
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10 11A 11B
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ROTATION OF 180˚ 
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C

ROTATION OF 180˚ 
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HINGES 
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24-MODULE CHAIN 

CHAIN DESIGN BY FLORENCE YUEN 
SAN FRANCISCO STATE UNIVERSITY 
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AN INVITATION TO EXPLORE 
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INITIAL STEPS 
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CONSTRUCTION OF A CHAIN 
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MODELS BUILT BY MIDDLE SCHOOL STUDENTS – OFFANENGO, ITALY 
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MODELS BUILT BY MIDDLE SCHOOL STUDENTS – OFFANENGO, ITALY 
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MODEL BUILT BY FEDERICA DESTRI 

OFFANENGO MIDDLE SCHOOL, 2016-2017 (ITALY) 
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I c inque poi iedr i p latonic i . Lo svi luppo in piano del te t raedro , 
del cubo e del l 'o t taedro. 

16 

Modelli di geometria rotatoria 
a cura di Giorgio Scarpa 

tria rotatoria ^ 
Zanichelli 

INSTRUCTIONS FOR PLATONIC SOLID CHAINS 
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DODECAHEDRON: 120 PYRAMIDS 
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(Trogu & Nies, model based on Scarpa, 2015) 

ICOSAHEDRON: 120 PYRAMIDS 
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Scarpa, Models of Rotational Geometry
pp. 76–77 

(L. Bocca, model replica, 2014) 
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(L. Bocca, model replica, 2014) 

Scarpa, Models of Rotational Geometry, pp. 87–92 
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RECENT MODELS 

AND DEVELOPMENTS 
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Giorgio Scarpa, presentation of Aristotle’s Lantern. Faenza, c. 1980 
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“To play (to explore) is something that costs nothing 

and brings the mind closer to its desires by asking 

about the goals and function of every choice, so that 

every project, before it even becomes an application 

in its diversified specificity, every project should 

mean freedom and spontaneity in making, a non-

paralyzing immersion, a contrast to what surrounds 

us, in a seamless process. (...) The image of destroyed 

sea urchins, their scattered fragments in the sand, 

and of the live sea urchins observed in their marine 

habitat, are the source of this study. (...) Not a single 

sea urchin was sacrificed in order to study it.” 

                     Giorgio Scarpa, c. 1970
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Lantern replicant 2. Delft, NL, 19 Oct. 2017 
(Replica constructed by Pino Trogu) 
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Chart Sea Urchin by Paul Pfurtscheller, 1907: https://www.pamono.com/antique-wall-chart-sea-urchin-by-paul-pfurtscheller-1907-1

https://www.pamono.com/antique-wall-chart-sea-urchin-by-paul-pfurtscheller-1907-1
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Photo: Giorgio Cireddu 
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Photo: Giorgio Cireddu     Drawing by Giorgio Scarpa   
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Photo: Giorgio Cireddu 



66PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

Scarpa, Giorgio, Modelli di bionica: capire la natura 
attraverso i modelli. Quaderni di design 13, ed. B. 
Munari (Bologna: Zanichelli, 1985). 
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Scarpa, Giorgio, Modelli di bionica,1985. 



68PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 



69PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

Scarpa, Giorgio, Modelli di bionica,1985. 
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Scarpa, Giorgio, Modelli di bionica,1985. 

Bionic Model of Aristotle's Lantern by Giorgio Scarpa -- Youtube video

https://www.youtube.com/watch?v=xi_D4f5TwfM&index=5&list=PLM4DV2CfgpjuCtWNJP3iQKRRlFbdMUvim
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GIORGIO SCARPA’S MODEL 

OF A SEA URCHIN 

INSPIRES NEW INSTRUMENTATION 

LEONARDO JOURNAL 

MIT PRESS, 2016 

Trogu, 2016 
Leonardo Just Accepted MS. 
doi: 10.1162/LEON_a_01384 
© ISAST

PDF: static.trogu.com/documents/scarpa/leon_a_01384.pdf

http://static.trogu.com/documents/scarpa/leon_a_01384.pdf
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Photo: Giorgio Cireddu 



76PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

Photo: Giorgio Cireddu 
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Photo: Giorgio Cireddu 
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GROUND SAMPLER 

FRANK ET AL. 

UNIVERSITY OF CALIFORNIA 

SANTA CRUZ (UCSC) 

(Frank et al, UC San Diego, 2015) 



80PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

(Frank et al, UC San Diego, 2015) 
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(Frank et al, UC San Diego, 2015) 
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(Frank et al, UC San Diego, 2015) 

Frank et al., UCSD urchin side-by-side video

https://www.youtube.com/watch?v=wysThGCr8_U&index=8&list=PLM4DV2CfgpjuCtWNJP3iQKRRlFbdMUvim
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BIOPSY HARVESTER 

JELÍNEK ET AL. 

DELFT UNIVERSITY OF TECHNOLOGY 

(TU DELFT)

(Jelínek, Smit, Breedveld, TU Delft; ACMIT, Austria, 2014) 
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Giorgio Scarpa Filip Jelínek 

(Jelínek, Smit, Breedveld, TU Delft; 

ACMIT, Austria, 2014) 
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(Jelínek, Smit, Breedveld, TU Delft; 

ACMIT, Austria, 2014) 
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(Jelínek, Smit, Breedveld, TU Delft; 

ACMIT, Austria, 2014) 
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(Jelínek, Smit, Breedveld, TU 

Delft; ACMIT, Austria, 2014) 
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Jelínek, Filip, Steering and Harvesting Technology for Minimally Invasive Biopsy

Jelínek, Filip, Steering and Harvesting 

Technology for Minimally Invasive Biopsy 

PhD dissertation 

doi:10.4233/uuid:18bc7cc6-153b-4ffe-8da1-474f08a212fc 

Delft University of Technology, 2015

https://repository.tudelft.nl/islandora/object/uuid:18bc7cc6-153b-4ffe-8da1-474f08a212fc?collection=research
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PERIODIC STRUCTURES
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PROTOTYPE OF TRANSFORMABLE CHAIN BY GIORGIO SCARPA. 
MODEL CONSTRUCTION: LAMAR PI & JACK LIONS, SAN FRANCISCO STATE UNIVERSITY 
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(Trogu & Nies, prototype, 2015) 

PROTOTYPE OF TRANSFORMABLE CHAIN BY GIORGIO SCARPA. 
MODEL CONSTRUCTION BY PINO TROGU & CLIFF NIES 
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Scarpa, Models of Rotational Geometry, pp. 66-68, 96 (Trogu & Nies, prototype, 2015) 
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PROTOTYPE OF TRANSFORMABLE CHAIN BY GIORGIO SCARPA. 
MODEL CONSTRUCTION BY FEDERICA DESTRI, OFFANENGO (ITALY) 
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PLATONIC SOLIDS 

(REGULAR POLYHEDRA)
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TETRAHEDRON 4 TRIANGLES 

HEXAHEDRON (CUBE) 6 SQUARES 

OCTAHEDRON 8 TRIANGLES 

DODECAHEDRON 12 PENTAGONS 

ICOSAHEDRON 20 TRIANGLES 
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J. F. PETRIE & H.S.M. COXETER, 1926 P. CROMWELL, 1997 

THE THREE REGULAR HONEYCOMBS 
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J. F. PETRIE, 1926 

G. SCARPA, 1996 

B. OVERVELDE, 2016 
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“METAMATERIALS”, B. OVERVELDE, 2016 

SNAP ORIGAMI POLYHEDRA 
ICOSAHEDRON: RIGID

CUBE: FLEXIBLE 
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SPLIT EXTRUSION 
TETRAHEDRON 
(REPLICA) 
PINO TROGU, 2017

SPLIT EXTRUSION TETRAHEDRON BY G. SCARPA 
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SPLIT EXTRUSION 
TETRAHEDRON 
(REPLICA) 
PINO TROGU, 2017

SPLIT EXTRUSION TETRAHEDRON BY G. SCARPA 
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FLEXIBLE ICOSAHEDRON, 2017 

SPLIT EXTRUSION 
ICOSAHEDRON –  
FLEXIBLE 
TROGU, 2017
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FLEXIBLE OCTAHEDRON 
TROGU, 2017

FLEXIBLE OCTAHEDRON 
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SPLIT EXTRUSION DODECAHEDRON 
TROGU, 2017

SPLIT EXTRUSION DODECAHEDRON – FLEXIBLE 

120 RECTANGLES OF RATIO 2:1
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SPLIT EXTRUSION CUBE 
TROGU, 2017

SPLIT EXTRUSION CUBE  (HEXAHEDRON) 

48 SQUARES
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MIRRORED PLATE SPLIT EXTRUSION TETRAHEDRON – 48 RECTANGLES OF RATIO 2:1 – TROGU, 2017

MIRRORED PLATE SPLIT EXTRUSION TETRAHEDRON 

24 SQUARES 24 SQUARES
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CUBE: 
SPACE FILLING

TETRAHEDRON 
WITH OCTAHEDRON: 
SPACE FILLING

+                    = ?
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x1

x8

8 EXTRUDED TETRAHEDRONS 
AROUND ONE EXTRUDED OCTAHEDRON 
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x8

8 EXTRUDED TETRAHEDRONS –  
ALL SQUARES ARE CONNECTED 
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trogu.com

WEB LINKS 

boccalorenzo.blogspot.it

online.sfsu.edu/trogu/scarpa/

http://trogu.com
http://boccalorenzo.blogspot.it
http://online.sfsu.edu/trogu/scarpa/


115PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

Scarpa-- Aristotle's lantern video

Frank UCSD -- mars rover video

Frank UCSD -- urchin side-by-side video

Scarpa -- "I forget" video

VIDEO 

Trasformable hexahedral chain

Scarpa -- "I forget" video

CONF. (LOCAL) 

Scarpa -- Aristotle's lantern video

Frank, UCSD -- Urchin side-by-side video

B. Overvelde -- Metamaterials videoB. Overvelde -- Metamaterials

http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_mars_urchin_final_taylor_wirth_2015.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_bionics.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_bionics.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_mars_urchin_final_taylor_wirth_2015.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_urchin_side_by_side_final.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_urchin_side_by_side_final.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_poi_mi_dimentico_1994-05-24.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_poi_mi_dimentico_1994-05-24.mov
https://www.youtube.com/watch?v=2C7VTkLvMow
https://www.youtube.com/watch?v=2C7VTkLvMow
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_poi_mi_dimentico_1994-05-24.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_poi_mi_dimentico_1994-05-24.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_bionics.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/scarpa_bionics.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_urchin_side_by_side_final.mov
http://static.trogu.com/documents/conference/2015_castelbolognese/movies/frank_urchin_side_by_side_final.mov
https://youtu.be/maKILHxcGAE
https://youtu.be/maKILHxcGAE
http://www.overvelde.com/research/origami-inspired-metamaterial-3-2/
http://www.overvelde.com/research/origami-inspired-metamaterial-3-2/


116PINO TROGU              SEMINAR: BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY              TU DELFT – 3ME              21 DEC. 2017 

THANK YOU 
PINO TROGU 

BIO-INSPIRED MODELS OF ROTATIONAL GEOMETRY 

MODELS BASED ON GIORGIO SCARPA’S WORK 

IN TOPOLOGY, BIO-INSPIRED DESIGN, AND ROTATIONAL GEOMETRY 

TU DELFT – FACULTY ROOM (LAGERHUYSCH) AT 3ME 

THURSDAY, 21 DECEMBER 2017 – 12:45 PM 

Contact:   trogu@sfsu.edu    g.m.trogu@tudelft.nl                                               go to first slide                                

Giorgio Scarpa & Pino Trogu, 1988 

More videos...

http://trogu.com/Documents/conference/2015_castelbolognese/movies



