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The paper explores the use of in-house developed self-reconfigurable modular
robotic system in civil construction activities and investigates a concept where an
arbitrary Civil Engineering structure or a daily use industrial product are
self-assembled from a number of self-reconfigurable composite blocks. The
system extends current range of modular robot systems (mDrs) where
autonomous modules self-assemble into a wide variety of forms. However,
contrary to conventional mDrs, MoleMOD has not mechatronic actuating parts
permanently fixed to each individual module. The MoleMOD actuators are
separable and operate inside the modules, tight them together or relocate them to
required configuration. It significantly reduces number of expensive
mechatronics parts and the environment the actuators operate. Although
MoleMOD focuses on architecture, it can take over other mDrs tasks as research
and rescue. This paper describes properties, advantages, foreseen applications,
and basic design specifications of the second generation prototype.
Keywords: Modular robotic systems, Mobile robotic systems, Adaptive
architecture, MoleMOD, Smart materials and structures, Multi-robot systems

1. LIVING COLONY-LIKE ARCHITECTURE
Architecture has, for many years, remained basically unchanged. It still uses the same principles
and archetypes as walls, roofs, windows or doors
which have been known for thousands of years. Architecture is very slowly adapting to current material research, information technologies and user behaviour. Nonetheless, several architectural studios
and academic groups have already started to react to

these facts. Principal question stems from how can
we predict the building we designed today will serve
societal needs in ten, twenty or ﬁfty years? For reasons of using “new spaces”(social networks or virtual
and augmented reality) and technologies (robots,
smartphones, nanotechnology, etc.), it can be very
diﬃcult to predict what form of physical space will
be needed in a very near future. For instance, do we
really need physical space as an oﬃce? Most likely
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Figure 1
Example of building
process

yes, but what size, where, how often? This question
evokes that the buildings of the future should be able
to adapt to emerging purposes, aggregate and segregate, self-heal, self-diagnose, possibly relocate, in
similar ways the living colonies of termites, ants, or
bees do, i.e. constantly adapt to surrounding environment and local conditions (Miller 2011). Colonyinspired Agent based models as Ant Colony or Boids
are currently used mostly for prediction models, design of complex shapes or to control multi-robot systems. The control of collective behaviour alone can
be the inspiration for the adaptive architecture. Contemporary architecture is no longer only about the
form, material, function, colour etc., but the life-cycle
of the building is becoming more important. It is not
only about recyclable materials or so, but more about
eﬀective use of building during its hardly predictable
lifetime (Spyropoulos 2016). For new self-assembly
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architecture as it is focused here, it is necessary to
develop materials and systems with completely new
features as self-healing and self-diagnostics capabilities as well as and self-reconﬁguration ability, and
others.

2. MULTI-ROBOT SYSTEMS IN ARCHITECTURAL CONTEXT
MoleMod extends existing multi-robot systems
(MRS) towards applications in Architecture and Civil
Engineering. MRS cooperate usually as an organic
intelligent swarm system (ants, termites, bees etc.)
so that they allow for versatile interactions with the
internal and external environment. (Ahmadzadeh et
al. 2015). In the sequel, MRS are splitted to Modular robot systems (mDrs) and Mobile robot systems
(mBrs).

Figure 2
Description of
MoleMOD parts
(includes Beta
version of MOD-bar
type)

Figure 3
Mole elasticity

Figure 4
Prototype of the
active part (Mole)
1:1

2.1 mDrs
consist of many modules that can move relative to
each other, thereby changing the overall shape of a
target assembly to suit diﬀerent tasks. MoleMOD differs substantially from state-of-art mDrs except some
similarities with ROOMBOT developed on École polytechnique fédérale de Lausanne, which may combine active and passive components (Spröwitz et al.
2014). Nonetheless, not every passive part of ROOMBOT may become active, as it is allowed in the case
of MoleMOD concept. Another excellent example is
project HyperCell by AADRL Spyropoulos Design Lab,
which focuses directly on architecture. HyperCell is
able to create structures without predeﬁned instructions with cells represented by small scale cooperating robots. Contrary to MoleMOD the cells have a
common design and each is fully mechanized (Spyropoulos 2016).

2.2 mBrs
Contrary to mDrs, mBrs do not have to consist of a
large number of robots. These systems usually consists of a robot (manipulator) and an object to be manipulated. MBrs should be signiﬁcantly cheaper, but
it is not as versatile as in mDrs. A representative example is project Termes (Petersen et al. 2011) developed at Harvard University. Termes is based on the
behaviour of termites. It splits into active and pas-
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sive parts. The Active part is represented by a special robotic climbing vehicle which is able to pick up
and carry the passive parts, represented by modular
blocks with lines the vehicle follows. This is appealing
namely from the fact the robot is operates in a predeﬁned environment created by rigid blocks, making
it easier for orientation than in a real world environment (RWE).
Without any relation to a particular size of robots,
their hardware components, forms or applications,
there is a signiﬁcant gap between research and industrial applications. MRS development is expensive, due a vast number of hardware components
needed to create a reasonable large community of
robots. Thus MRS are tested only with few components in-vitro or only in-silico without a real application. Another diﬃculty is sensing and operating
in RWE. MoleMOD reacts at least on the letter as it
brings a novel insight in the self-assembly problem
demonstrated though applications in Architecture

3. MOLEMOD CONCEPT IN CONTEXT OF
CURRENT APPROACHES
MoleMOD in fact has material features, but contrary
to traditional understanding it is designed to fulﬁl the
above requirements. On the other hand, internally
reassembles mDrs. The split of the system to passive
and active parts gave a name to the whole system,
Mole (animal) + MOD (module). Furthermore, Mole
is used for the active part (detachable soft robot) and
MOD for the passive part (modular building block).
The site - speciﬁc construction of MoleMOD is the assembly of Moles and MODs. Each MOD has a minimum one tunnel, which usually leads through it. In

the tunnels the Moles operate and ﬁx and move with
Mods, which become active as in existing mDrs. The
system oﬀers extensive possibilities of reconﬁguration and adaptation as well as material design. The
material can vary, because MODs are rigid and they
do not have any special mechatronic parts embedded, what makes it also signiﬁcantly cheaper. However, the weight of MODs is very important, so the
lighter material is better after all. Thanks to design
of MODs the ﬁnal building is a big maze of tunnels
where Moles can operate. An advantage of this is that
these tunnels can be used for piping, wiring or reinforcement as well as ﬁxing to the ground by pile. Although pilot design respects rectangular grid module (30 x 30 x 30cm), dimensions, grid shape, robot
actuators, robot design, connections can vary.

3.1 Moles (active part)
Moles consist of two primary components: a soft
body and revolving heads attached to both soft body
ends. The head is responsible for screwing ring
coupling to interconnect two neighbouring Mods,
the casing of the head help to ﬁx the robot to ring
coupling as well as to provide a peristaltic movement(Seok et al. 2013), the secondary function is to
ride, because the head works also as a wheel. The
soft body(Bishop-Moser & Kota 2015) allows the peristaltic movement of the whole robot., and the manipulation with the blocks similarly to elephant trunk(
see Figures 2, 3, 4, 5 and 6).
Revolving heads are located on both ends of the
soft body. The main part of the head is the revolving casing, which by protrusion of ﬂexible elements on the perimeter, screws with ring coupling
inside MODs and tightens them together. Also by
Figure 5
Testing of the active
part(Mole) on the
part of passive part
(MOD) .
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revolving this component it is possible to transport
MODs. Electronic parts like a DC motor, compressor,
valves, microcontroller and pneumatic silicon pillow
are placed inside the head
The soft body connects both heads and allows to
control the head´s direction. The body consists of
pneumatic silicone pillows and a skeleton structure
from 3D printed ﬂexi material, which stabilizes Mole
(Figure 4). By controlled inﬂation or deﬂation the pillows are able to inﬂect, stretch or contract the whole
body according to our needs (Figure 5).

3.2 MODs (Passive part)
Desired structure consists of MODs and very limited
number of Moles assumed to be present for longer
than the reassembly building time. The current cubic
shape of passive blocks was chosen since it is mostly
used in modular robotics(Ahmadzadeh et al. 2016).
However, the system is not restricted only to cubic
block shape alone. It can consist of arbitrary polytopes. It means that it is possible to build conglomerates without extensive limitation. The principle task
was to develop joints. Usually in mDrs joints are magnetic or mechanical(Ahmadzadeh et al. 2016), but

MoleMOD cannot work like that, because architecture and civil engineering require passive joints. For
this reason, special coupling rings were developed
which allow robots go through it, as well as tighten
them(see Figures 5 and 6). The advantage is also, that
the connection not uses male and female joints but
unisex joints. It oﬀers many variations of connectivity.

4. ADVANTAGES, APPLICATION, INNOVATIONS
Though the MoleMOD focuses on future architecture
which should be adaptive and movable, several applications exist where this system can be very helpful.

4.1 Socio-economic point of view
Hard to reach places and disasters. Use of MoleMOD gives a sense of security in places where there
may be low safety of workers. Robots will be easily transported close to the building site, check the
location, and start to automatically build it. MoleMOD should underpin human ambitions towards exploration and occupation of places like deserts, Polar

Figure 6
A, Mods
manipulation and
connection B, Mole
movement inside
the MODs.
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Regions or hospitable planets, as well as ﬁx problems
after disasters without human labor.
Example of Scenario: For Mars’ ﬁrst buildings it
would be very risky to use a human sources as well as
transport a large amount of building material. With
MoleMOD and 3D printing technologies it could be
easier. From earth the only active part (Mole) of MoleMOD will be transported, while the MODs will be
printed on site using local sources. Due to the fact
that Moles operate inside MODs (passive part), there
is a lower risk that will be damaged by the unpredictable Mars environment.
Example of Scenario: After a nuclear disaster
there is a need to prevent the release of radioactivity. There is no possibility to ﬁx it by human hands
because it is life threatening. One of the possibilities could be to build a sarcophagus from MoleMOD
blocks. Another way is to build temporary dwellings
for people aﬀected by disaster.

Temporary constructions. People today know that
for some events it is not necessary to build massive
and permanent structures. Sports events like The
Olympic Games, markets, exhibitions etc. are used
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only for a few weeks or days. The Idea to build tribunes, stands etc. automatically is very interesting
and could use MoleMOD for scaﬀolding, which can
permanently adapt to parts of building, wherever it
is really needed.
Example of Scenario: A series of biathlon races
is in another country every week. Each week workers have to build temporary construction for visitors.
Let’s make this system more automatic and eﬀective.
Construction should react to the number of sold tickets, weather, atmosphere etc. and after each event
will be automatically dismantled and used the next
week.

4.2 Mechanical point of view
From the mechanical point of view, the synergy of described features, together with a built-in communication system, would allow for self-diagnostic and selfhealing capability going in line with excellent Lifecycle management of the resulting assemblies.
Example of Scenario 1: A local failure occurred, i.e.
a subscale element in a critical location is damaged,
yielding a decrease in load bearing capacity. The selfdiagnostic feedback is instant, followed by a new assembly plan that takes into account changed conditions. Other undamaged members of the community
follow the plan and reconﬁgure in a way to entirely
or partly recover the load-bearing capacity until the
bridge is fully ﬁxed. This is what we understand as
self-healing ability in the MoleMOD context.
Example of Scenario 2: A bridge has to withstand
peak loads. It has not been designed for, or it was,
but their extremes can harm the structure in terms
of service-life longitude. During such a load moving
over the bridge, the modular blocks or bar elements
may be reconﬁgured to withstand the load, or to reinforce critically strained regions in order to decrease
the risk of local damage, yielding more serious failures in a long term perspective.

4.3 Life-cycle management
MoleMOD properties allow for a very good life-cycle
of the product. Thanks to separated parts it is possible to recycle the passive part as well as use en-

Figure 7
Life-cycle
management

vironmentally friendly materials for its manufacture.
The whole system is based on permanent adaptation
and should provide conglomerates which are open
to reuse after their lifetime, with minimum impact to
the environment during the transformation to next
use (Figure 7).

5. FUTURE WORK
MoleMOD is at the start of development and will
need to go through several challenges due to the
complexity of a developed system before it can be
fully commercialized. In this ﬁrst stage the design

of active part is mostly solved, because it is necessary to ﬁrst develop the robot (Mole) on which the
following will be tested: sensing of an environment,
self-conﬁguration algorithms, possibilities of blocks
(material, connections, etc.), and static and dynamics
simulations of resulting conglomerates. Future work
will especially test diﬀerent types of soft actuators for
Moles because silicone is a very soft material for this
application. Considered materials are pneumatic bellows, pistons or shape memory alloys. Also will be optimize the joint system and develop another shapes

Figure 8
Process: a, Flexinol
testing b, Silicone
parts c,
Conglomerates d,
Old version e, Head
testing f, Body
testing

Figure 9
Reconﬁguration
process - Ground
state - Process Completed task
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for diﬀerent types of grids. Finally is needed to ﬁnd
ideal materials for required applications.
Future work will especially test diﬀerent types of
soft actuators because silicone is a very soft material
for this application. Considered materials are pneumatic bellows, pistons or shape memory alloys. Flexinol wire was already tested(Seok et al. 2013). This
wire is able to contract and stretch and when electricity goes through the wire it is heated, which allows
contraction, making it possible to use as an actuator.
Unfortunately the result was not ideal for this application due to slow reaction when the wire is cooling
down (ﬁgure 8).

5.1 Planning and sensing
It is needed to develop fast and robust planning algorithms providing good quality solutions like collisionfree trajectories for providing generated plans of
the reconﬁguration process which will respect the
static and dynamics models as well as human requirements, ideally collecting from Big Data. The
developed algorithms will allow eﬃcient life-cycle
management consisting of self-reconﬁguration, selfdiagnostic and self-healing without the need for human intervention. Even though a ﬁnal conglomerate thus formed a maze that reduce the RealWorld
Environment (RWE) complexity (Kulich et al. 2014)
where robots normally operate, sensing equipment
is necessary (cameras, distance sensors, pressure sensors, RFID tags, etc.). Early future MoleMOD will be
equipped with these.

CONCLUSION
MoleMOD is designed so that it shouldn’t limit architectural visions. This is not new architecture, it is
a new system of material distribution. It is good to
know that it is still basically mDrs, which has some
speciﬁcations and limitations. The Main goal of this
design is trying to minimalize costs by splitting the
system into active parts (Moles) and passive parts
(MODs) and reduce RWE complexity.
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