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Abstract—Creating ~ autonomous,  self-supporting,  self- integration of real bio-chemical and microbiological gyes
replicating, sustainable systems is a great challenge. Toome into technological developments; for example using baaiter
extent, understanding life means not only being able to crda cellular mechanisms as sensors, development of bactévial b

it from scratch, but also improving, supporting, saving it, or . - .
even making it even more advanced. This can be thought of as hybrid materials[[15], molecular synthesis of polymers and

a long-term goal of living technologies and embodied evolign. ~ biofuels, genome engineering, and more general fields and
Current research agenda targets several short- and middiéerm  challenges of synthetic biology [16].

steps towards achieving such a vision: connection of ICT (c) Chemo-hybrid systems are another field of research,

and bio-fchemo- developments, advances in "soft” and "Wet"  ninh targets bottom-up approach towards artificial living
robotics, integration of material science into developmetal

robotics, and potentially, addressing the self-replicatn in SYSt€mS. It is inspired by artificial chemistry [17], self-
autonomous systemf. replicating systemd [18], using bio-chemical mechanisars f

e.g. cognition[[19] as well as by a general field of material
|. CURRENT RESEARCH science. In several works, this approach is denoted as swarm
chemistry [20]. Researchers hope that such systems wil giv

nswers to questions related to developmental models [21],
chemical computation, self-assembly, self-replicatisimple

Current research on the fields of Living Technologie
Artificial Systems and Embodied Evolution is highly muléi

ciplinary and is related to many different bio-chemicalcroi chemistry-based ecologiés [22] or technological captisliof

technologlcal_ and robotic areas. _ chreating large-scale functional patterhsi[23].
(a) Collective systems| [1] are one of the major researc

fields devoted to common principal and mechanisms un-
derlying mechatronic and non-mechatronic embodiment of

living systems: different collective effects, scalapilitself- Currently, three possible scenarios for living technodsgi
organization, self-assembling as well as development of-coang embodied evolution can be distinguished. Firstly,hert
mon evaluation tests and benchmarks. Essential attemiorbévelopment of micro- and nano- mechatronics can make
paid to individual and collective cognition|[2], explorifgo- it possible to achieve an advanced functionality at bottom
inspired pr|nC|pIes, c_oIIe.ctlve.homeostatlc .regulatuﬁ}. BS Jayers (such as self-replication). This involves severiéd d
well as different applications in manufacturirig [4]. It iB@ ferent technologies from material science; we can denote
related to analytical approaches [5], for example coNectithis scenario asiano-mechatronic scenaricSecondly, the
decision making [[6], which target guided self-assemblingsmplexity of upper levels (such as information processing
and self-organization in real systems. Many works cover tgn pe handled by bio-technologies through advancements in
notion of embodied evolution [7] and development of multiminimal cell projects and cellular programmability, so ttha
cellular artificial structures, their self-developmentaptation, e can expect an appearance of pbie-synthetic systems
reliability and other aspects|[8]. _ Finally, both approaches can be merged so that to make use of
(b) Bio-hybrid technologies represent a large field of raneir advantages. This approach is termthybrid scenarip
search, which also approaches artificial living systemse Ofyhich combines bio-chemical and mechatronic autonomous
of the methods here is the combination of cultured (”Viniﬁystems.
neurons and robots |[9] to investigate the dynamical andchglenge I: Three above mentioned scenarios mean a
adaptive properties of neural systerns|[10]. This work i® al§rther development of micro- and nano- mechatronics, the
related to understanding of how information is encoded [1§}ovvth of bio- and chemo- synthetic systems, the hybridinat
and processed within a living neural netv_vo_rk [12]. The hgtbriof robotics, and appearance of “soft/wet” systems. Each of
technology can be used for neuro-robotic interfaces, @iffe {nese developments has own challenges, promises and risks.
applications ofin vitro neural networks[[13] or for bidirec- However, independent of what the dominant future technplog
tional interaction between the brain and the external envir might be, we face a new problem of integration of method-
ment in both collective and non-collective systems. _Séveré\ogies, paradigms and approaches from different areas of
research projects already addressed the problem of ctimdrol yis gy, chemistry, material science and robotics. This ire
autonomous robots by living neurons [14]. Promising resarieqration will require re-structuring current researaidscape,
area in bio-hybrid systems is the synthetic biology and thgsich will not only essentially change the way we think about

A o ) ) o synthetic systems, but also extend their scientific and-tech
This position paper is prepared for the consultation wasksHLiving

technology/Artificial systems/Embodied Evolution”, ongged by European Nological pound‘_a”es-_ Material sciences, bottom up chieynis
Commission, Brussels 10.11.2011 and genetic engineering are especially relevant for opeled
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embodied evolution and unbounded self-development — whisyistems belongs to essential points of the long-term relsear
are essential challenges for artificial living systems. agenda.
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