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Soft robots that evolve
and develop.
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Project Dreamcatcher

What if a CAD system could generate thousands of design options
that all meet your specified goals? It's no longer what if: it's
Project Dreamcatcher, the next generation of CAD. Dreamcatcher
IS a generative design system that enables designers to craft a
definition of their design problem through goals and constraints.
This information is used to synthesize alternative design solutions
that meet the objectives. Designers are able to explore trade-offs
between many alternative approaches and select design solutions
for manufacture.

GROUPS

Design Research, Computational Science Research

0000

OPPORTUNITIES

BLOG

NEWS



Corucci,

et al. (2017)
Soft
Robotics.

In review.



50

Distance (in voxels)
o e
(e ()

DO
-

10

Cheney,
Bongard,
SunSpiral &
Lipson

(2017)

arXiv.

- - e tianta " Sdea aakead - p_—
P —teprry Db P T e pr—y et 5 ok R AL s % A S ARSI AT i S A AR 44 % LSS L S S 9 AN, A S L A
- e LS
- —

2000

3000 4000
Optimization Time (in generations)

5000

6000

7000



Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of GECCO Contf.

presence? material

N\ "4

voxel at (x,y,2)




Y voxels at location (z,y, z,d) Cheney,

h 2y - — — T 7 Bongard,
| SunSpiral &
' Lipson
(2017)
4 arXiv.
X y z d
vy oyv S
N Y INY — YK
(z,9,2,d) | [b (w,y,z,d)J[ lb
| CPPN1 K CPPN2
morphology control

presence? material
N "4

voxel at (x,y,z)

| |

full/empty active/passive frequency phase offset




Cheney,

Protecting morphological innovations. Bongard,
SunSpiral &

Lipson
(2017)

arXiv.

—



Cheney,

Protecting morphological innovations. Bongard,
SunSpiral &

Lipson
(2017)

arXiv.

>



Cheney,

Protecting morphological innovations. Bongard,
SunSpiral &

Lipson
(2017)

arXiv.

ﬁ




50

Distance (in voxels)
o e
(e ()

DO
-

10

Cheney,
Bongard,
SunSpiral &
Lipson

(2017)

arXiv.

- - e tianta " Sdea aakead - p_—
P —teprry Db P T e pr—y et 5 ok R AL s % A S ARSI AT i S A AR 44 % LSS L S S 9 AN, A S L A
- e LS
- —

2000

3000 4000
Optimization Time (in generations)

5000

6000

7000



Cheney,
Bongard,
SunSpiral &
Lipson

7000

F,GObO.“

5000

4000

..13.(..).0.0
Optimization Time (in generations)

2000

1000

-
<t

(S|@X0A UuI) 82uBlSI(]



Kriegman et. al. 2017. A Minimal Developmental Model Can Increase Evolvability in Soft Robots.
In Proceedings of GECCO '17.



Kriegman et. al. 2017. A Minimal Developmental Model Can Increase Evolvability in Soft Robots.
In Proceedings of GECCO '17.









4Ax4x3 x2 = 96
evolvable parameters

Vi, (t) Evo-Devo

Kriegman et al. (2017) Procs of the GECCO conference.



Ax4x3 = 48
evolvable parameters

Vi(2)

Volume

4Ax4x3 x2 = 96
evolvable parameters

Evo Vi (t) Evo-Devo
T
Uk1
UKo
3
Lifetime t g

Kriegman et al. (2017) Procs of the GECCO conference.



— ND W > on @)
- - - - - -

fitness = Body lengths traveled
-

Evo
Evo-Devo

0

2000 4000 6000 8000 10000
Generation



co optimize brain-body WITH Development

Beth-Can_2439-2_T7 josCAD

- 2 R B B B B . T Baw S

.I.s
!

I\ ) —e000/0:13 €5 yu@@d I:

Kriegman et al. (2017) Procs of the GECCO conference.



COfUCCi, et al. (201 7) V voxels at location (:B, Y, Z,d)

h 2 - — =——
Frontiers in Robotics and Al. 1
|
N
(z,¥,2,d) | [b (w,y,z,d)J[ lb
i CPPN1 k CPPN2
morphology control
full/empty active/passive frequency phase offset




Y voxels at location (z,y, z,d)

Corucci, et al. (2017) i
Frontiers in Robotics and Al. h 3 o o _:
|
7~ workspace oe:lnter
|
/ |
|
|
PN
(z,9,2,d) { lb (w,y,z,d)J[ lb
i CPPN1 K CPPN2
morphology control
d[stiffness]/d[time] = / I I
full/empty active/passive frequency phase offset

alpha * load
L

J




Corucci et al. (2017) Frontiers in Robotics and Al.

| » o) 000/0:49



Wolff’s

Law.

- ..
o N
—

Total NB (%)

S N & 0

15.2mmHg 76mmHg 10SmmHg

a i IM Pressure
- ‘

Fig. Total new bone formation response to fluid flow loading.




Code: goo.gl/gbLMka



Code: goo.gl/gbLMka

Automated design: Evolving soft robots. (“Evo SoRo0”)

Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of the GECCO Conference.



Code: goo.gl/gbLMka

Automated design: Evolving soft robots. (“Evo SoR0”)
Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of the GECCO Conference.
Evolving regular patterns in space: CPPNs
Stanley (2007). Procs. of the GECCQO Contf.



Code: goo.gl/gbLMka

Automated design: Evolving soft robots. (“Evo SoR0”)
Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of the GECCO Conference.
Evolving regular patterns in space: CPPNs
Stanley (2007). Procs. of the GECCQO Contf.
Evolving morphology and control independently.

Cheney, Bongard, SunSpiral, Lipson (2017). arXiv.



Code: goo.gl/gbLMka

Automated design: Evolving soft robots. (“Evo SoR0”)
Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of the GECCO Conference.

Evolving regular patterns in space: CPPNs
Stanley (2007). Procs. of the GECCQO Contf.

Evolving morphology and control independently.
Cheney, Bongard, SunSpiral, Lipson (2017). arXiv.

Evolving regular patterns in time: Evolving soft robots that develop (“Evo Devo SoRo”).
Corucci et al. (2017). Frontiers in Robotics & Al.
Corucci et al. (2017) Soft Robotics. In review.

Kriegman et al. (2017). Procs of the GECCO Conference.



Code: goo.gl/gbLMka

Automated design: Evolving soft robots. (“Evo SoR0”)
Cheney, MacCurdy, Clune, & Lipson. (2013). Procs. of the GECCO Conference.

Evolving regular patterns in space: CPPNs
Stanley (2007). Procs. of the GECCQO Contf.

Evolving morphology and control independently.
Cheney, Bongard, SunSpiral, Lipson (2017). arXiv.

Evolving regular patterns in time: Evolving soft robots that develop (“Evo Devo SoRo”).
Corucci et al. (2017). Frontiers in Robotics & Al.

Corucci et al. (2017) Soft Robotics. In review.

Kriegman et al. (2017). Procs of the GECCO Conference.




