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Since the first theoretical work on self-replicating machines
was performed by John Von Neumann [1], his ideas have been
applied in many research areas such as cellular automata, nan-
otechnology, macromolecular chemistry and computer viruses
[2]. Penrose, in [3], presented simple units with certain prop-
erties able to self-replicate. Although his work could not
make the further step toward self-replicating robotic systems,
he opened the possibility of mechanical implementation of
Neumann’s concept. More recent studies include self-assembly
([4],[5]) and self-reconfiguration of modular robots and self-
repairable robots([6],[7]). In addition, self-replicating modular
cubes are presented in [8].

Our lab has built several prototypes to improve and
demonstrate the concept of robotic self-replication. Remote-
controlled, semi-autonomous and fully-autonomous self-
replicating robots have been developed over the past few years
([9]-[11]). In addition, self-replicating, electromechanical cir-
cuits were demonstrated [12]. The circuits used electrome-
chanical devices as substrates in order to construct functional
copies of themselves.

In this paper, we extend and combine our previous results
in that the control circuits of the robot are distributed into
a number of subsystems rather than having an integrated
controller. In order to prove our idea of robotic self replication,
the following criteria must be met.

• The robot consists of several prefabricated subsystems.
• The subsystems are not identical and each of them is

incomplete by itself.
• The replica becomes fully functioning only when it is

completely assembled.
• The subsystems have similar structural complexities.

The second and third criteria clarify the distinction between
our robot and other self-replicating modular robots. To satisfy
the fourth criterion, we distributed the electrical circuit into a
number of subsystems.

We present three prototypes of self-replicating robotic sys-
tems:(Robot I) a finite-state self-replicating robot in a par-
tially structured environment in which subsystem locations
can be permutated, (Robot II) an autonomous self-replicating
robot in a completely structured environment and (Robot III)
an autonomous self-replicating robot in an emphadaptable
environment in which the robot modifies its surroundings
after certain tasks have been completed. These prototypes use
the line-tracking thereby reducing the environment to a 1-
dimensional domain.

Fig. 1. Robot I in a structured environment

Robot I consists of six subsystems: Module1(batteries,
touch sensor and contact sensors), Module2(state machine and
contact sensors), Module3(left motor and motor driver circuit),
Module4(right motor and barcode reader), Module5(relay cir-
cuit) and Module6(tracker sensor). The state machine has
six states and the robot has three distinctive behaviors for
each state: forward line-tracking, reversing and left turning
while the timer is on. These are decided by outputs from two
different kinds of sensors, barcode reader and contact sensors.
The environment is built as shown in Fig.1. The environmental
structures are divided into two categories: (1)passive structures
and (2)active structures. The active structures store the infor-
mation about subsystems, therefore, the environment tells the
robot where subsystems are and what they are. On the other
hand, passive structures affect the trajectories of the robot but
do not have further information.

There are 6! ways in total to locate subsystems. Passive
structures are fixed once they are built and active structures
are placed according to the location of each subsystem. The
robot starts from the outer track and turns left once it finds
the right barcode so that the state machine triggers the timer.
Between the outer and the inner tracks, the robot picks up a
subsystem and the state is transitioned to the next. The robot
drags the part until it detects metal foil at the station, reveres
until it hits the wall, and goes back to the outer track to find
the next subsystem.

Robot II in a completely structured environment is shown
in Fig.2. The functions of the robot are limited to line-
tracking and reversing direction. The environment includes



Fig. 2. Robot II in a completely structured environment

black-colored track on a white surface, poles around the central
station (where the replica will be assembled) and walls outside
the track. These structures lead the robot to move along the
desired trajectories. The robot consists of five subsystems:
central part, left wheel, right wheel, magnetic end-effector
and rear battery pack. The central part must be placed at the
station. According to the orientation of the central part, the
locations of the other subsystems are determined. While the
robot follows the track, if it sees a subsystem, the magnetic
end-effector automatically picks up the part and drags it to
the station. The robot has two defined behaviors which are
(a) moving foreword and along the line (line tracking mode:
mode 1), and (b) moving backward blindly (reversing mode:
mode 2). There are two events which trigger a change in state.
A triggering of the frontal touch sensor causes the robot to
transition from mode 1 to mode 2. A triggering of the rear
touch sensor causes the robot to transition from mode 2 to
mode 1.

Robot III is built in an adaptable environment is shown in
Fig.3. The robot consists of six distinct modules: base/chassis,
motor module, battery pack, line tracking module, electro-
magnet, and electromagnet control module. The end-effector
consists of an electro-magnet. The state of the end-effector
is ON while the robot follows the track, and OFF when the
robot detects one of five patches of metal foil on the surface
of the floor. Therefore, the end-effector can pick the parts and
place them at the right locations if the metal foil is located
where the subsystems are to be released. A unique feature
of the environmental design for this robot is its adaptability.
The bi-state mechanical “flip-flop” (a card that gets flipped
the first time the robot passes over it) makes the robot be able
to change and modify the environment during the replication
process. The flip-flop cards reveals a new foil contact/drop
point while changing the track to initialize the second pass
on the same side of the chassis. This simple technique works
very effectively and consistently, although, as it stands, human
intervention is required to reset the cards after each successful
demonstration of self-replication.

We has been developing several prototypes of self-
replicating robots in structured and adaptable environments.

Fig. 3. Robot III: in adaptive environment with flipping cards

In order to make a further step from the current work, we
need to consider the following questions: How can we store
necessary information in the environment effectively? How can
the environment transmit the information to the robot with
minimum loss and errors? How can self-replicating robots
perform in less structured environments?

ACKNOWLEDGMENT

We thank to Steven Eno, Jianyi Liu, Lauren Mace, Brian
Benson, Kailash Raman, Andrew Liu, Matt Sterling, Diana
Kim, Andrew Pierpont and Aaron Schlothauer who developed
Robot II and Robot III as part of our Spring’06 Mechatronics
course.

REFERENCES

[1] J.V. Neumann, A.W. Burks, ”Theory of Self-Reproducing Automata,”
University of Illinois Press, 1962.

[2] M. Sipper, ”Fifty years of research on self-replication:An overview,”
Artificial Life, 4(3), 1998, pp.237-257.

[3] L.S. Penrose,”Self-reproducing machines,” Scientific American, Vol.200,
No.6, 1959, pp.105-114.

[4] S. Murata, H. Kurokawa and S. Kokaji, ”Self-assembling machine,” Proc.
of the IEEE Intl. Conf. on Robotics and Automation, San Diego, CA,
1994, pp.441-448.

[5] Z. Bulter, S. Murata and D. Rus, ”Distributed replication algorithm for
self-reconfiguring modular robots,” Proc. of 6th Intl. Sym. on Distributed
Autanomous Robotic Systems (DARS ’02), Fukuda, Japan, June 2002,
pp.25-27.

[6] M. Yim, D. Duff, and K. Rufas, ”PolyBot: A modular reconfigurable
robot,” IEEE Intl. conf. on Robotics and Automation, vol.1, 2000, pp.514-
520.

[7] K. Tomita, S. Murata, H. Kurakawa, E. Yoshida and S. Kokaji, ”Self-
assembly and self-repair method for a distributed mechanical system,”
IEEE Trans. on Robotics and Automation, 15:1035-1045, 1999.

[8] Zykov V., Mytilinaios E., Adams B., Lipson H., ”Self-reproducing
machines”, Nature Vol. 435 No. 7038, 2005, pp. 163-164

[9] J. Suthakorn, Y. Kwan and G.S. Chirikjian, ”A semi-autonomous replicat-
ing robotic system,” Proceedings of 2003 IEEE Intl. Conf. on Intelligent
Robots and Applicatins (CIRA), Kobe, Japan, July 2003,pp.776-781.

[10] J. Suthakorn, A. B. Cushing and G.S. Chirikjian,”An autonomous self-
replicating robotic system,” Proc. of 2003 IEEE/ASME Intl. Conf. on
Advanced Intelligent MEchatronics, 2003.

[11] W. Park, D. Algright, C. Eddleston, W.K. Won, K. Lee, G.S.
Chirikjian,”Robotic self-repair in a semi-structured environment,” Proc.
of Robosphere2004, NASA Ames, November 2004.

[12] W.A. Hastings, M. Labarre, A. Viswanathan, S. Lee, D. Sparks, T. Tran,
J. Nolin, R. Curry, M. David, S. Huang, J. Suthakorn, Y. Zhou and G.S.
Chirikjian,”A minimalist parts manipulation systems for a self-replicating
electromechanical circuit,” IMG’04, Genova, Italy, July 2004.


