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Abstract.
Practical realisation of Cyborgs opens up signif-

icant new opportunities in many fields. In par-
ticular when it comes to space travel many of the
limitations faced by humans, in stand-alone form,
are transposed by the adoption of a cyborg per-
sona. In this article a look is taken at different
types of Brain-Computer interface which can be
employed to realise Cyborgs, biology-technology
hybrids. e approach taken is a practical one with
applications in mind, although some wider impli-
cations are also considered. In particular results
from experiments are discussed in terms of their
meaning and application possibilities. e article
is written from the perspective of scientific exper-
imentation opening up realistic possibilities to be
faced in the future rather than giving conclusive
comments on the technologies employed. Human
implantation and the merger of biology and tech-
nology are though important elements.

1 Introduction

Science fiction has looked, over many years, to a fu-
ture in which robots are intelligent and cyborgs – a hu-
man/machine merger – are commonplace – e Termi-
nator, e Matrix, Blade Runner and I, Robot are all
good examples of this. However, until recently, any se-
rious consideration of what this might actually mean in
the future real world was not necessary because it was
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only science fiction and not in any way scientific reality.
Now however science has not only done a catching up
exercise but, in bringing about some of the ideas initially
thrown up by science fiction, has introduced practicali-
ties that the original story lines did not extend to (and
in some cases still have not extended to).

What we consider here are relevant experiments in
linking biology and technology together in a cybernetic
fashion. Key to this is that it is the overall final sys-
tem that is important. Where a brain is involved, which
surely it is, it should not be seen as a stand alone en-
tity but rather as part of the overall system – adapting
to the system’s needs. In particular we take a look here
at what such hybrid systems could possibly contribute
within the field of space travel.

Whilst there is clear overlap between the experiments
described, they also throw up individual considerations.
To set the scene and give suitable background on the
subject, a description of practical investigations is firstly
given and then pertinent issues on the topic are dis-
cussed. Points have been raised with a view to near term
future technical advances and what these might mean in
a practical scenario. It has certainly not been the case of
an attempt to present a fully packaged conclusive docu-
ment, rather the aim has been to open up the range of
research carried out and to look at some of its implica-
tions.
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2 Robots with Biological Brains

Firstly we consider an area that might not immedi-
ately be thought of. Initially when one thinks of brain-
computer interaction then it is usually in terms of a brain
already functioning and settled within a body – normally
a human body. Here however we consider the possibil-
ity of a fresh merger where a brain is grown from scratch
and is subsequently given a body in which to operate.

When one thinks of a robot it may be a little wheeled
device that springs to mind [2] or perhaps a metallic
head that looks roughly human-like [3]. Whatever the
physical appearance our concept tends to be that the
robot might be operated remotely by a human, as in
the case of a bomb disposal robot, is being controlled
by a simple computer programme, or even may be able
to learn with a microprocessor/computer as its brain. In
all these cases we regard the robot simply as a machine.
But what if the robot has a biological brain made up of
brain cells (neurons), possibly even human neurons?

Neurons cultured under laboratory conditions on an
array of non-invasive electrodes provide an attractive al-
ternative with which to realise a new form of robot con-
troller. An experimental control platform, a robot body,
can move around in a defined area purely under the con-
trol of such a network/brain and the effects of the brain,
controlling the body, can be witnessed. is is not only
extremely interesting from a robotics perspective but it
also opens up a new approach to the study of the devel-
opment of the brain itself because of its sensory-motor
embodiment. Investigations can therefore be carried out
intomemory formation and reward/punishment scenar-
ios.

Typically culturing networks of brain cells (around
100,000 to 150,000 at present) in vitro commences by
separating neurons obtained from foetal rodent corti-
cal tissue using enzymes. e neurons are then grown
(cultured) in a specialised chamber, in which they can
be provided with suitable environmental conditions (e.g.
appropriate temperature) and fed with minerals and nu-
trients. An array of electrodes embedded in the base
of the chamber (a Multi Electrode Array; MEA) acts
as a bi-directional electrical interface to/from the cul-
ture. e neurons in such cultures spontaneously con-
nect, communicate and develop, within a few weeks giv-
ing useful responses for typically 3 months at present.

At present the culture is grown in a glass specimen
chamber lined with a planar ‘8x8’ Multi Electrode Ar-
ray which can be used for real-time recordings (see Fig-
ure 1). It is possible to separate the firings of small

F . a) A Multi Electrode Array (MEA) showing the elec-
trodes. b) Electrodes in the centre of theMEA seen under an optical
microscope. c) An MEA at x40 magnification, showing neuronal
cells in close proximity to an electrode.

groups of neurons, by monitoring the output signal on
the electrodes. In this way a picture of the global activity
of the entire network can be formed. It is also possible
to electrically stimulate the culture, using biphasic elec-
trical pulses, via any of the electrodes to induce neural
activity. e multi-electrode array therefore forms a bi-
directional interface to the cultured neurons [4, 6].

After initial growth and brain development lasting
around 10 days the culture can be coupled to its phys-
ical robot body [28]. Sensory data fed back from the
robot is subsequently delivered to the culture, thereby
closing the robot-culture loop. us, signal processing
can be broken down into two discrete sections (a) “cul-
ture to robot”, in which live neuronal activity is used as
the decision making mechanism for robot control, and
(b) “robot to culture”, which involves an input mapping
process, from robot sensor to stimulate the culture.

e actual number of neurons in a culture depends on
natural density variations in seeding. e electrochem-
ical activity of the culture is sampled and this is used as
input to the robot’s wheels. Meanwhile the robot’s (ul-
trasonic) sensor readings are converted into stimulation
signals received by the culture, thereby closing the loop.

An existing neuronal pathway is identified by search-
ing for strong relationships between pairs of electrodes.
Such pairs are defined as those electrode combinations
in which neurons close to one electrode respond to stim-
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ulation from the other electrode at which the stimulus
was applied more than 60% of the time and respond no
more than 20% of the time to stimulation on any other
electrode. A rough input-output response map of the
culture can then be created by cycling through all elec-
trodes. In this way, a suitable input/output electrode
pair can be chosen in order to provide an initial decision
making pathway for the robot. is is employed to con-
trol the robot body – for example if the ultrasonic sensor
is active and we wish the response to cause the robot to
turn away from the object being located ultrasonically
(possibly a wall) in order to keep moving.

For experimentation purposes, the robot follows a
forward path until it reaches a wall, at which point the
front sonar value decreases below a threshold, trigger-
ing a stimulating pulse. If the responding/output elec-
trode registers activity the robot turns to avoid the wall.
In experiments the robot turns spontaneously whenever
activity is registered on the response electrode. emost
relevant result is the occurrence of the chain of events:
wall detection – stimulation – response. From a neu-
rological perspective it is of course also interesting to
speculate why there is activity on the response electrode
when no stimulating pulse has been applied.

As an overall control element for direction and wall
avoidance the cultured network acts as the sole deci-
sion making entity within the overall feedback loop.
Clearly one important aspect then involves neural path-
way changes, with respect to time, in the culture be-
tween the stimulating-recording electrodes.

Learning and memory investigations are generally at
an early stage. However the robot appears to improve
its performance over time in terms of its wall avoidance
ability in the sense that neuronal pathways that bring
about a satisfactory action tend to strengthen purely
through the process of being habitually performed –
learning due to habit. e number of confounding vari-
ables is however considerable and the plasticity process,
which occurs over quite a period of time, is (most likely)
dependent on such factors as initial seeding and growth
near electrodes as well as environmental transients such
as temperature and humidity. Learning by reinforce-
ment – rewarding good actions and punishing bad is
much more of an investigative research effort at this
time.

On many occasions the culture responds as expected,
on other occasions it does not, and in some cases it pro-
vides a motor signal when it is not expected to do so.
But does it “intentionally” make a different decision to
the one we would have expected? We cannot tell.

In terms of robotics, it has been shown by this re-
search that a robot can successfully have a biological
brain to make all its “decisions”. e 150,000 neuron
size is merely due to the present day limitations of the
experimentation described. Indeed 3 dimensional struc-
tures are already being investigated. Increasing the com-
plexity from 2 dimensions to 3 dimensions realises a fig-
ure of approximately 30 million neurons for the 3 di-
mensional case – not yet reaching the 100 billion neu-
rons of a “perfect” human brain, but well in tune with
the brain size of many other animals.

is area of research is expanding rapidly. Not only
is the number of cultured neurons increasing, but the
range of sensory input is being expanded to include au-
dio, infra red and even visual. Such richness of stim-
ulation will no doubt have a dramatic effect on culture
development. e potential of such systems, including
the range of tasks they can deal with, also means that its
physical body can take on different forms. ere is no
reason, for example, that the body could not be a two
legged walking robot, with rotating head and the ability
to walk around in a building.

It is certainly the case that understanding neural ac-
tivity becomes more difficult as the culture size in-
creases. With a 3 dimensional structure, monitoring
activity deep within the central area, as with a human
brain, becomes extremely complex, even with needle-
like electrodes. In fact the present 150,000 neuron cul-
tures are already too complex at present for us to gain an
overall insight.

When they are grown to sizes such as 30 million neu-
rons and beyond, clearly the problem is significantly
magnified. Looking a few years out, it seems quite re-
alistic to assume that such cultures will become larger,
potentially growing into sizes of billions of neurons. On
top of this, the nature of the neurons may be diver-
sified. At present rat neurons are generally employed
in studies. However human neurons are also now be-
ing cultured, enabling robots each with a human neu-
ron brain. Clearly when this brain consists of billions of
neurons, many social and ethical questions will need to
be asked [24].

For example - If the robot brain has roughly the same
number of human neurons as a typical human brain then
could/should it have similar rights to humans? Also -
What if such creatures had far more human neurons
than in a typical human brain – e.g. a million times
more – would they make all future decisions rather than
regular humans?
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Space Travel via a Cultured Brain

However this technology does open up significant op-
portunities when we look at space travel. Sending living
humans through the considerable distances required for
space travel, especially if we wish to explore outside our
own solar system, is extremely problematic – 1. Due to
the time taken potentially extending well over a lifetime
or two: 2. Due to the requirements to keep a human
alive for such a period in a stand-alone environment: 3.
Due to the considerable unknown hazards that could
potentially be faced on arrival: 4. Due to the rigours on
the human body during the trip, e.g. effects of gravity
loss on the body and brain.

e possibility is open here to freeze human neurons
for the period of travel and to defrost them when within
the gravitational pull of the distant planet. Robot tech-
nology could be employed to culture the neurons and
embody them on arrival and not before. All that would
be required would be a method to retain their feedstock
in a reasonable state over the necessary time. Educa-
tional aspects could be provided to cause the newly em-
bodied brain to investigate the planet as desired and to
communicate any results in a suitable fashion.

Advantages of such space travel are considerable.
Costs to send such creatures to a distant planet would
be very little different to sending a mere technological
robot. Certainly such costs would be far less than send-
ing a human expedition. Further, if anything was to
go wrong either on arrival or during the journey then
no life, in the normal sense of the word, would be lost,
hence there would be little or no negative political out-
cry.

3 General Purpose Brain Implants

In this section we consider as a start point a regular
human body and brain. It is certainly possible even
now to employ implants within the human brain to at-
tempt to counteract the effects of neurological prob-
lems [16, 30, 29], i.e. the use of implants for thera-
peutic purposes. Even in such cases it is quite possible
to consider employing such technology to give individu-
als abilities not normally possessed by humans. Human
Enhancement! Here however we look at the possibil-
ity of neural implants being employed directly to extend
human capabilities.

With general brain-computer interfaces the therapy
- enhancement situation is complex. In some cases it is
possible for those who have suffered an amputation or

F . A 100 electrode, 4X4mmMicroelectrode Array, shown
on a UK 1 pence piece for scale.

have received a spinal injury due to an accident, to re-
gain control of devices via their (still functioning) neural
signals [7]. Meanwhile stroke patients can be given lim-
ited control of their surroundings, as indeed can those
who have such as motor neurone disease.

Even with these cases the situation is not exactly sim-
ple, as each individual is given abilities that no normal
human has – for example the ability to move a cur-
sor around on a computer screen from neural signals
alone [11]. e same quandary exists for blind individ-
uals who are allowed extra sensory input, such as sonar
(a bat-like sense) – it doesn’t repair their blindness but
rather allows them to make use of an alternative sense.

Some of the most impressive human research to date
has been carried out using the microelectrode array,
shown in Figure 2 [14, 25, 8]. e individual electrodes
are 1.5 mm long and taper to a tip diameter of less than
90 microns. Although a number of trials not using hu-
mans as a test subject have occurred, human tests are at
present limited to two groups of studies. In the second
of these the array has been employed in a recording only
role, most notably recently as part of (what was called)
the “Braingate” system.

Essentially electrical activity from a few neurons
monitored by the array electrodes was decoded into a
signal to direct cursor movement. is enabled an in-
dividual to position a cursor on a computer screen, us-
ing neural signals for control combined with visual feed-
back. e same technique was later employed to allow
the individual recipient, who was paralysed, to operate
a robot arm [10]. e first use of the microelectrode ar-
ray (shown in Figure 2) has though considerably broader
implications which extend the capabilities of the human
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recipient.
Actually deriving a reliable command signal from a

collection of captured neural signals is not necessarily
a simple task, partly due to the complexity of signals
recorded and partly due to time constraints in dealing
with the data. In some cases however it can be rela-
tively easy to look for and obtain a system response to
certain anticipated neural signals – especially when an
individual has trained extensively with the system. In
fact neural signal shape, magnitude and waveform with
respect to time are considerably different to the other
signals that it is possible to measure in this situation.

e interface through which a user interacts with
technology provides a distinct layer of separation be-
tween what the user wants the machine to do, and what
it actually does. is separation imposes a cognitive
load that is proportional to the difficulties experienced.
e main issue is interfacing the human motor and sen-
sory channels with the technology in a reliable, durable,
effective, bi-directional way. One solution is to avoid
this sensorimotor bottleneck altogether by interfacing
directly with the human nervous system.

An individual human so connected can poten-
tially benefit from some of the advantages of ma-
chine/artificial intelligence, for example rapid and
highly accurate mathematical abilities in terms of “num-
ber crunching”, a high speed, almost infinite, internet
knowledge base, and accurate long term memory. Ad-
ditionally, it is widely acknowledged that humans have
only five senses that we know of, whereas machines offer
a view of the world which includes infra-red, ultraviolet,
ultrasonic signals, to name but a few.

Humans are also limited in that they can only visu-
alise and understand the world around them in terms
of a limited 3 dimensional perception, whereas com-
puters are quite capable of dealing with hundreds of di-
mensions. Perhaps most importantly, the human means
of communication, essentially transferring a complex
electro-chemical signal from one brain to another via
an intermediate, often mechanical slow and error prone
medium (e.g. speech), is extremely poor, particularly in
terms of speed, power and precision. It is clear that con-
necting a human brain, by means of an implant, with a
computer network could in the long term open up the
distinct advantages of machine intelligence, communi-
cation and sensing abilities to the implanted individual.

As a step towards a more broader concept of brain-
computer interaction, in the first study of its kind, the
microelectrode array (as shown in Figure 2) was im-
planted into the median nerve fibers of a healthy hu-

man individual (the author) during two hours of neu-
rosurgery in order to test bidirectional functionality in
a series of experiments. A stimulation current directly
into the nervous system allowed information to be sent
to the user, while control signals were decoded from
neural activity in the region of the electrodes [26]. In
this way a number of experimental trials were success-
fully concluded [27]. In particular:

1. Extra sensory (ultrasonic) input was successfully
implemented.

2. Extended control of a robotic hand across the inter-
net was achieved, with feedback from the robotic
fingertips being sent back as neural stimulation to
give a sense of force being applied to an object (this
was achieved between Columbia University, New
York (USA) and Reading University, England).

3. A primitive form of telegraphic communication di-
rectly between the nervous systems of two humans
(the author’s wife assisted) was performed [27].

4. A wheelchair was successfully driven around by
means of neural signals.

5. e colour of jewellery was changed as a result of
neural signals – also the behavior of a collection of
small robots.

In most, if not all, of the above cases it could be re-
garded that the trial proved useful for purely therapeutic
reasons, e.g. the ultrasonic sense could be useful for an
individual who is blind or the telegraphic communica-
tion could be very useful for those with certain forms of
Motor Neurone Disease. However each trial can also
be seen as a potential form of enhancement beyond the
human norm for an individual.

e author did not need to have the implant formedi-
cal purposes to overcome a problem but rather for scien-
tific exploration. e question then arises as to how far
should things be taken? Clearly enhancement by means
of Brain-Computer Interfaces opens up all sorts of new
technological and intellectual opportunities, however it
also throws up a raft of different ethical considerations
that need to be addressed directly.

When ongoing experiments of the type just described
involve healthy individuals where there is no reparative
element in the use of a brain computer interface, but
rather the main purpose of the implant is to enhance an
individual’s abilities, it is difficult to regard the operation
as being for therapeutic purposes. Indeed the author, in
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carrying out such experimentation, specifically wished
to investigate actual, practical enhancement possibili-
ties [26, 27]. From the trials it is clear that extra sensory
input is one practical possibility that has been success-
fully trialled, however improving memory, thinking in
many dimensions and communication by thought alone
are other distinct potential, yet realistic, benefits, with
the latter of these also having been investigated to an
extent. To be clear – all these things appear to be possi-
ble (from a technical viewpoint at least) for humans in
general.

As we presently stand, to get the go ahead for an im-
plantation in each case (in theUK anyway), requires eth-
ical approval from the local hospital authority in which
the procedure is to be carried out, and, if it is appro-
priate for a research procedure, also approval from the
research and ethics committee of the establishment in-
volved. is is quite apart from Devices Agency ap-
proval if a piece of equipment, such as an implant, is to
be used on many individuals. Interestingly no general
ethical clearance is needed from any societal body – yet
the issues are complex.

If we now consider the possibilities with this type of
implant when it comes to space travel then these are
quite different in comparison with those considered ear-
lier for the brain grown within a robot body. In this case
any technology is regarded by the recipient as merely be-
ing a new bi-directional extension to their body, rather
akin to another leg or arm. In reality however the exten-
sion can take on any desired technical form. It certainly
does not have to be an actual leg or arm, rather it can be
a wheeled device or a building. Whatever form it takes,
the individual whose brain is connected into it as the
sole controlling element, regards it as being themselves.

Space Travel via Implants

If nowwe consider space travel the opportunity exists for
the individual person to remain on planet earth – they
do not need to travel – but their new body parts can
travel to distant solar systems. By means of an implant,
as discussed here, once the required items of technology
have safely landed on a distant planet then the connec-
tion can be made with the individual who has remained
on earth.

In this way, whilst the individual is safe on earth, their
new body parts can investigate the planet of choice as
though the individual was there themselves. e one
negative in this plan is the potential significant time lag
between a signal being transmitted from the brain of the

individual on earth, bringing about an action in the dis-
tant body part and receiving a response from any sensors
on the body part. Practical experiments to this end have
thus far only involved such a loop from Columbia Uni-
versity, New York to/from Reading University, Eng-
land [27]. However from such experience it can be re-
ported that the human brain can cope with the different
parameters that arise.

It has to be acknowledged though that the time lag
between the actuation and sensing in terms of control-
ling devices in space by means of an implant is a sig-
nificant problem. Unless our present understanding
of physics changes then there appears to be no way of
avoiding this. So either brain coupled control of devices
in space from earth will be limited to low to medium
space orbits or for such control in distant solar systems
then the time delays involved will be considerable.

Once again however there is an enormous cost saving
for this type of space travel when compared to manned
missions. Whilst a neural implantation is indeed re-
quired, the costs are as nothing to those of space travel.
Time is also important here. e individual involved
can lead a perfectly normal life until their distant body
parts are switched on. Space travel would, very likely,
have tied up those travelling for many years.

Dangers are also significantly reduced with this
method. Although a neural implant is required, as of
yet, there have been no reported problems with this type
of implant. Indeed it is several years since the author
experienced the implant and there are no mal-effects
whatsoever to report. Space travel meanwhile, even af-
ter considerable expense, has many associated hazards.
is must be coupled with the potential extra hazards of
travelling further, for longer, than ever before and visit-
ing, for the first time, new, relatively unknown, planets.

One other question that might be raised with regard
to an implant of this type is the potential durability of
the connection between the human nervous system and
technology. It has to be admitted that in terms of exper-
imentation involving an able bodied individual then the
length of functionality reported is just over 3 months,
this limitation being due to the length of the experiment
rather than a problem with the implant [22]. However
it has been found that the microelectrode array can pro-
vide a reliable computer interface to an individual with
tetraplegia 1000 days after implantation [19].
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4 Non-Invasive Brain-Computer
Interfaces

e most studied Brain-Computer Interface is perhaps
that involving Electroencephalography (EEG) and this
is due to several factors. Firstly it is (as the heading says)
non-invasive, hence there is no need for surgery with
potential infection and/or side effects. As a result ethical
approval requirements are significantly less and, due to
the ease of electrode availability, costs are significantly
less than other methods.

It is also a portable procedure, involving electrodes
which are placed on to the outside of a person’s head
and can be set up in a lab with relatively little training
and little background knowledge and taking little time
– it can be done then and there, on the spot. As a con-
sequence of this to some researchers, not so well versed
in the field, one sometimes often encounters the feeling
that BCI = EEG = BMI (Brain-Machine Interface), i.e.
to some it appears that EEG collected via scalp elec-
trodes is the only form of BCI.

e number of electrodes employed for experimental
purposes can vary from a small number, 4 to 6, to the
most commonly encountered 26-30, to well over 100
for those attempting to achieve better resolution. As a
result it may be that individual electrodes are attached at
specific locations or a cap is worn in which the electrodes
are pre-positioned. e care and management of the
electrodes also varies considerably between experiments
from those in which the electrodes are positioned dry
and external to hair to those in which hair is shaved off
and gels are used to improve the contact made.

Some studies are employed more in the medical
domain, for example to study the onset of Epileptic
seizures in patients. However the range of applications
is widespread. A few of the most typical and/or inter-
esting are included here as much to give an idea of pos-
sibilities and ongoing work rather than for a complete
overview of the present state of play.

Typical are those in which subjects learn to operate a
computer cursor in this fashion [21]. It must be pointed
out here however that, even after significant periods of
training (many months), the process is slow and usu-
ally requires several attempts before success is achieved.
Along much the same lines, numerous research groups
have used EEG recordings to switch on lights, control
a small robotic vehicle and control other analogue sig-
nals [13, 20]. A similar method was employed, with a
64-electrode skull cap, to enable a quadriplegic to learn
to carry out simple hand movement tasks by means of

stimulation through embedded nerve controllers [12].
It is possible also to consider the uniqueness of spe-

cific EEG signals, particularly in response to associated
stimuli, potentially as an identification tool [15]. Mean-
while interesting results have been achieved using EEG
for the identification of intended finger taps, whether
the taps occurred or not, with high accuracy. is is
useful as a fast interface method as well as a possible
prosthetic method [5].

Whilst EEG experimentation is relatively cheap,
portable and easy to set up, in a completely differ-
ent light, yet still within the category of non-invasive
techniques, both functional Magnetic Resonance Imag-
ing (fMRI) and Magnetoencephalography (MEG) have
also been successfully employed. fMRI brain scans use
a strong, permanent magnetic field to align nuclei in
the brain region being studied to ascertain blood flow
at specific times in response to specific stimuli. As was
reported earlier they can therefore be used as a marker
to figure out where there is activity in the brain when an
individual thinks about moving their hand.

e equipment is though necessarily cumbersome
and relatively expensive. As a result of the cost and
equipment availability, experimentation in this area is by
no means as widespread as that for EEG. Results have
nevertheless been obtained in reconstructing images
from such scans [17] and matching visual patterns from
watching videos with those obtained in a time stamped
fashion from the fMRI scans being recorded [1].

Space Travel via EEG

It is not so immediately obvious to assign advantages in
space travel to this type of brain-computer interaction.
If we can learn to recognise more easily and accurately
intent from neural signals then potentially the technique
could be of some use remotely. But without the concept
of feedback and hence feelings, it is difficult to see how
travelling astronauts could immediately be replaced in
this way.

Nevertheless the potential for monitoring the brain
activity of astronauts by means of this technology is
clear. is is especially pertinent in order to research the
effects of the long term lack of earth’s gravity on brain
functioning. A good review of the overall potential of
such interfaces in space travel can be found in [18].
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5 Subdermal Magnetic Implants

One final area to be considered here is that of sub-
dermal magnetic implants [9]. is involves the con-
trolled stimulation of mechanoreceptors by an implant
manipulated through an external electromagnet. A suit-
able magnet and implant site are required for this along
with an external interface for manipulating the implant.
Clearly issues such as magnetic field strength sensitivity
and frequency sensitivity are important.

Implantation is an invasive procedure and hence im-
plant durability is an important requirement. Only per-
manent magnets retain their magnetic strength over a
very long period of time and are robust to various condi-
tions. is restricts the type of magnet that can be con-
sidered for implantation to permanent magnets. Hard
ferrite, Neodymium and Alnico are easily available, low
cost permanent magnets suitable for this purpose.

e magnetic strength of the implant magnet con-
tributes to the amount of agitation the implant magnet
undergoes in response to an external magnetic field and
also determines the strength of the field that is present
around the implant location.

e skin on the human hand contains a large number
of low threshold mechanoreceptors that allow humans
to experience in great detail the shape, size and texture of
objects in the physical world through touch. e highest
density of mechanoreceptors is found in the fingertips,
especially of the index and middle fingers. ey are re-
sponsive to relatively high frequencies and are most sen-
sitive to frequencies in the range 200Hz-300Hz.

For reported experiments [9], the pads of the mid-
dle and ring fingers were the preferred sites for mag-
net implantation. A simple interface containing a coil
mounted on a wire-frame and wrapped around each fin-
ger was designed for generating the magnetic fields to
stimulate movement in the magnet within the finger.
e general idea being that the output from an external
sensor is used to control the current in the wrapped coil.
So as the signals detected by the external sensor change,
these in turn are reflected in the amount of vibration ex-
perienced through the implanted magnet.

A number of application areas have already been ex-
perimented on, as reported in [9]. e first being ul-
trasonic range information. is scenario connects the
magnetic interface to an ultrasonic ranger for naviga-
tion assistance. Distance information from the ranger
was encoded via the ultrasonic sensor as variations in
frequency of current pulses, which in turn were passed
on to the electromagnetic interface.

It was found that this mechanism allowed a practi-
cal means of providing reasonably accurate information
about the individual’s surrounding towards navigational
assistance. e distances were intuitively understood
within a few minutes of use and were enhanced by dis-
tance “calibration” through touch and sight.

A further application involves reading Morse signals.
is application scenario applies the magnetic interface
towards communicating text messages to humans us-
ing an encoding mechanism suitable for the interface.
Morse code was chosen for encoding due to its relative
simplicity and ease of implementation.

In this way text input can be encoded as Morse code
and the dots and dashes transmitted to the interface.
e dots and dashes can be represented as either fre-
quency or magnetic field strength variations.

Space Travel using Magnetic Implants

e invasiveness of such implants is relatively trivial. In-
deed many who have piercings see the necessary oper-
ation as of no concern whatsoever. Clearly we are not
looking here at a new form of motor control but rather
a way to sense other signals not normally sensed by hu-
mans – infra red being a good, immediate example.

In this case therefore it may be simply an extra tool for
an astronaut. Rather than use technology to take mea-
surements of different signals they could potentially,
with an implant or two of this type in place, experience
sensations themselves of the different signals measure-
able on another planet. In particular, if it was felt likely
that certain signals, if they rise above a previously de-
fined threshold, could spell danger for that person, so
the implant could prove to be very useful as an early
warning indicator of danger.

6 Conclusions

In this article a look has been taken at several differ-
ent types of brain-computer interface. Experimental
cases have been reported on in order to indicate how hu-
mans can merge with technology in this way – thereby
throwing up a plethora of social considerations as well
as technical issues. In each case reports on actual practi-
cal experimentation results have been given, rather than
merely some theoretical concepts.

In particular when considering robots with biologi-
cal brains, this could ultimately mean perhaps human
brains operating in a robot body. erefore, should
such a robot be given rights of some kind? If one was

32 DOI: 10.2420/AF06.2013.25



Cyborgs in Space

switched off would this be deemed as cruelty to robots?
More importantly at this time – should such research
forge ahead regardless? Before too long we may well
have robots with brains made up of human neurons that
have the same sort of capabilities as those of the human
brain and the ethical aspects of such an eventuality need
to be discussed.

Meanwhile in the section considering a more general
purpose invasive brain implant as well as implant em-
ployment for therapy a look was taken at the potential
for human enhancement. Already extra-sensory input
has been scientifically achieved, extending the nervous
system over the internet and a basic form of thought
communication. If many humans upgrade and become
part machine (Cyborgs) then that could have a signifi-
cant impact also on those who do not. Indeed if ordinary
(non-implanted) humans are left behind as a result then
this could bring about the digital divide. It will be inter-
esting for each person to consider that if any individual
could be enhanced, would they even question it [23]?

en came a section on the much more standard
EEG electrodes which are positioned externally and
which therefore are encountered much more frequently.
Unfortunately the resolution of such electrodes is rela-
tively poor and they are indeed only useful for moni-
toring and not stimulation. Hence issues surrounding
them are somewhat limited. We may well be able to use
them to learn a little more about how the brain oper-
ates but it is difficult to see them every being used for
highly sensitive control operations when several million
electrodes feed into the information transmitted by each
electrode.

Finally a quick look was taken at sub-dermal mag-
netic implants. is type of connection has, until re-
cently been investigated more by body modification
artists rather than scientists and hence application ar-
eas are still relatively few. Whilst involving an invasive
procedure it still is relatively straightforward in compari-
son with such as Deep Brain Stimulation or Multi Elec-
trodeArrays fired into the nervous system. It is expected
therefore that this will become an area of considerable
interest over the next few years with many more poten-
tial application areas being revealed.

As well as taking a look at the procedures involved,
the aim in this article has been to have a look at some
of the ethical and social issues as well. Some technolog-
ical issues have though also been pondered on in order
to open a window on the direction that developments
are heading. In each case however a firm footing has
been planted on actual practical technology rather than

on speculative ideas. In a sense the overall idea is to
open up a sense of reflection such that further experi-
mentation can be guided by the informed feedback that
results.

In each case the possibilities of how this technology
could play a part in space travel has been considered.
In this respect the first two examples proved to be po-
tentially most useful and certainly disruptive. It is felt
that both culturing brains and embodying them within
a robot body and the use of neural implants offer signif-
icant advantages, for mainly cost and safety reasons, in
comparison with the present manned space travel pro-
grammes.
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