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PREe AL

When | first saw him, it was on a blog online. I've seen a few like him before, most were from somewhere in Asia, but few were as large as him. I've seen smaller
ones, mostly of a different species at the supermarket or at restaurants, but never alive. Maybe it's because | come from an inland state where they are uncom-
mon, or maybe it's the part of the world that I'm from, but I've never seen a live one before. Boston wasn't that far, about an hour away, so | decided to make the
trip with my partner to see him. We bought our tickets online and picked them up at the door. The New England Aquarium had many exhibits with a lot of diverse
and unigue wildlife. Central among the aquarium was a large central cylindrical tank with pools at its base that were populated by different species of penguins, this

was the first thing | noticed as | walked in. Around this central feature was a gently sloping ramp that rose upwards in a spiral towards the top floor of the aquari-

Preface

um. Lining this ramp were different exhibits all filled with different aquatic
life. Eels, turtles, jellyfish, multiple cephalopods, and an enormous amount
of fish; but the one | was looking for and the reason | made the trip was at
the very end, and there was a line to see him. Tatuche (pronounced ta-too-
sh) was a 2 year old, 8 pound giant pacific octopus, and when | first saw
him | mistook him for a piece of coral despite his size. Tatuche had a habit
of compressing his body into the corner of his tank and then dramatically
changing the texture of his skin into spiky tendrils to mimic the surround-
ing corals and anemones. For long stretches of time he would just sit there
slowly breathing, or at least Tatuche's version of breathing. Then, every 15
to 20 minutes or so he would feel the sudden urge to explore his tank. He'd
start with one tentacle. You would notice a small tendril slowly drifting out
from under him as it snaked and extended its way out from under his body;
and then all at once he would unfold like the most nebulous piece of fleshy
origami. Watching him glide around the tank as his limbs absently touched,
recoiled and wrapped around things was breathtaking to behold. It seemed
more complex than | could have imagined, there were so many elements
happening simultaneously that video simply does not do it justice. Each
limb acting autonomously yet in tandem with the others, while simultane-
ously the shape, texture, color, and form were all dynamically transform-
ing. | went there to study him but was overwhelmed with what | observed,
instead | had to focus my observations to discernable motions that | could
replicate: locomotion. | feel like | could do a thesis every year for the rest of
my life based on the adaptations from Tatuche alone and each thesis would

be completely different, he's truly a remarkable creature.



“THE MYSTERY OF LIFE ISN'T A PROBLEM TO SOLVE, BUT A
REALITY TO EXPERIENCE"

- FRANK HERBERT, DUNE



Flamingo Leg Prototype

An early altered body prototype inspired by the physiological
adaptations found in the flamingo. This prosthetic would the-

oretically allow the user to more easily and quickly traverse

flooded areas.

Design

Summary

eSS 1T 0ON SUMMMAR T

Zoomorphic extended body is a speculative design proposal focused around

the application of emerging technologies within the field of neural prosthetics
and the use of Brain Computer Interfaces to control mechanical limbs. For De-
cades the fields of prosthetics, orthotics, and other fields that seek to intersect
the human body with mechanical apparatuses have been hampered by numer-
ous design challenges. Many of these poor designs as my following research

will show stem from a medical and engineering first approach. The result of this
mentality when creating these designs results in the creation of designs that are
bulky, cumbersome, and not user friendly or oriented. Furthermore, it results

in the creation of designs where the materials composing the designs and the
underlying technology supporting those designs are often working at odds with
one another. Early in my research | discovered that designs that adapt and apply
some of the physical adaptations of animals into their designs rather than simply
trying to replicate human forms and functions showed more potential for allevi-
ating some of the underlying problems present within contemporary prosthetic
designs. They also showed enormous potential in augmenting and enhancing the
abilities of their users past their otherwise normal potential under certain circum-

stances.



But the Zoomorphic Extended Body is not a prosthetic design, it is an extended body design. | will go into more de-
tail later as to why I created and why | am using this term and what exactly it means. But if i had to explain it briefly
it would be this: where prosthetic designs seek to replace parts of the body to augment or supplement its behav-
jor, and where orthotic designs seek to work around the body in order to enhance or augment it, extended body
designs build off of the body to add new abilities and senses. It is additive, not subtractive. In Thomas Thwaite’s
2016 book, Goat Man, there is a section dedicated to exploring the relationship between our human bodies and
the technology we create to supplement it. In it, he explains the process used for domesticating goats, the selec-
tion and culling of the more aggressive members of their species, resulted in drastic changes to the species as

a whole. Calmer less aggressive behavior, smaller brains, and softer features were some of the changes that oc-
curred over time and across generations. He goes on to argue that throughout this process, humans underwent

a similar process of domestication amongst ourselves. Citing anthropological research from Richard Wrangham, a
professor of biological anthropology at Harvard University, over the past 10 thousand years of human history, the
human species has undergone drastic physiological changes, and these changes seem to have corresponded with
our own development of technology. Like the goats, our brains have shrunk and measurable aspects like reaction
time appear to be slowing with each subsequent generation. Despite this, our overall IQ and ability to problem
solve complex theoretical problems and arrive at equally complex solutions appears to be increasing. For all the
evidence presented, the start of the Neolithic Age appears to signal the halt in human evolution, and in many ways
we have been de-evolving ever since. But how is it that we seem to be getting smarter while our bodies become
less and less physically capable? One possible reason, and a reason that Thwaites and Wrangham seem to sug-
gest, is that we have replaced our physical evolution with a technological one. Where once, we might have acquired
adaptations over time in order to better cope with our surrounding environment, we now develop technology in-
stead. In this way, our technology is very much an extension of ourselves, and how we choose to develop it reflects

how we choose to interact, coexist, or even dominate our environment.

Design Summary
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lThomas Thwaites

author of The' Toaster Project

A mechanical altered body made by Thomas
Thwaites that forces his body to emulate the phys-
iology and behavior of a goat, from his 2016 book:
Goat Man.




The landscape of the near future will be uneven, random, and oftentimes hazardous. The onset of changes that will be brought about by climate change as well as the implementation of increasingly invasive and interconnected technologies into

the development and management of urban infrastructure are many. While my design does not seek to be a solution to any of these problems, it does seek to expand human capability by giving them access to new modes of interaction, behavior,
and locomotion; all things that would make navigating an uneven landscape less tenuous and more bearable. It is also a counter to the solutionism and narrow mindedness found in previous generations of body augmenting technologies, mis-
takes that next generation of neural prosthetics (those controlled via the use of BCI's) seems set to repeat. More than anything this design is about wonder and inspiring the future designers and developers of this technology to expand the pos-
sibilities of what they can do with this emerging technology and to not limit its use to mere human replication or facsimile. In this way, zoomorphic extended body is an umbrella term that can encompass a variety of designs and forms that adapt
different animal traits, behaviors, and forms into designs that build on the body to offer their users a variety of new abilities and modes of interaction. This one in particular is based on the physiological adaptations of the giant pacific octopus. In

a design that works around the body, it extends out from the user’s hips. These appendages, just like the tentacles of the giant pacific octopus, offer the user a means of locomotion through any environment as well as the ability to interact with,
grab, and manipulate objects in their environment. They are also semi autonomous. One of the many unique features of the octopus tentacle is the ability to act independently from the octopus in order to perform simple tasks and movements

but still be available when more directed interactions are necessary. | have adapted this feature for locomotion within my design allowing the user to more easily control and direct the design via their thoughts. In this way, the octopus extended

body will act as a more natural extension of the user’s body rather than as a separate entity to be controlled.

Design Summary 9



The octopus extended body has a variety of potential uses
and modes of interaction. Its design is not only inspired by,
but mechanically replicates the physiology of the octopus ten-
tacle, an appendage with potentially more uses than our own
arm and hands. Just as my design is a proposal to not limit
the potential of the emerging technology behind neural pros-
thetics and BCl's, | also do not want to limit the design itself
by suggesting a particular mode of use or ground it within a
specific professional context. | will expand on this reasoning
later, but having a specific use, mode of use, or users for this
design would have drastically altered my approach to creat-
ing and prototyping it. Due to the limitations placed on the
development of this design due to it being developed during
a global pandemic, I was not able to effectively test many
modes of use and interaction. However, his limitation has
actually worked to the design’s advantage, as it has resulted
in a design whose form and function are limitless rather than

limited. In the following sections | will expand on some of the

concepts | already briefly discussed, as well as the develop-

ment of the design itself, and give some explanation on the
underlying technology that supports my octopus extended

body.







UHAT ARE BUISsS—

To have an understanding of my design, one also needs to understand the underlying technology supporting it
and why | chose to structure my design around that technology. BCl's or Brain Computer Interfaces is an um-
brella term for a variety of technologies that allow a user’s brain to interact, communicate, or control an external
computerized device using the electrical signals in their brain. These include neural control interfaces (NRI's),
mind machine interfaces (MMI's), direct neural interfaces (DNI's), and brain machine interfaces (BMI's); the last
of which, my design will rely upon. The way this is accomplished is via a device that can read the electrical sig-
nals within your brain and translate that information into data that can then be used to control a computerized
device. These interfaces can be as simple and innocuous as a skull cap lined with sensors or as complex as a
surgical implant within a person’s skull. While there are a variety of applications currently being researched and
explored with BCl's, I'm going to focus on a particular case where BMI's are being researched and produced in
order to allow users to control robotic mechanisms. The research in question is taking place at the Neuroengi-
neering and Neuromotion Laboratory also known as the Borton Lab at Brown University. The labs' key discovery
that they are building all of their research around is the fact that regardless of the state of the individual's body,
the signals that are sent out of the brain to direct and control different parts of the body are always present.
What this means is that even in cases where individuals are missing limbs or suffering from some form of paral-
ysis, the signals to control those limbs and other body parts are still being sent out but are “interrupted” by the
individual's disability. This is true regardless of what is blocking those signals, whether that be loss of limb, spinal
cord damage, or any other form of nerve damage. The lab’s stated goal is to “design, develop, and deploy neuro-

technology to better understand the nervous system and improve human lives.”
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Two photos provided by the
Borton Lab. One, a technical dia-
gram of how Braincell is implanted
into a person. The other, a sam-
ple of the implantable material;

Neurofilm.

The way the Borton lab is doing this is by mapping and tracking the different electrical pathways in the brain and testing to determine
what motor functions they correspond to. This is being done through a variety of projects most notably Braincell and Neurofilm which
consist of small flexible electronic implants within the brain which read, record, and transmit the electrical signals they read to a com-
puter. They are also researching how artificially stimulating those pathways can give users feedback from external robotics and pros-
thetic devices that are not part of their own bodies. This is being done to support the development of proprio prosthetics which are
prosthetics which allow their users to experience tactile feedback like touch and temperature through the prosthetic devices them-
selves. Lastly, they are also conducting research into how they can translate those mapped pathways into digital data that can then be
used to control robotic and prosthetic devices. This can be seen as the meta goal for the lab as a whole, as it is developing technology
that can then be used within commercial prosthetic devices to allow their users to either regain control of their bodies or to operate

robotic replacements for parts of their bodies which may be missing.

The applied research of all of these projects is to enable disabled people, particularly those with quadriplegia (paralysis from the neck
down), to use implanted BClI's like Neurofilm and Braincell to control robotic apparatuses that take the place of their physical bodies. In
testing these have been externally operated robotic arms; but in production, it's theorized that this technology could be used to oper-
ate more mechanically complex prosthetics and orthotics. This would replace the less complex myoelectric powered prosthetics which
rely upon electrodes attached to residual muscles in a users limb in order to “activate” or control a prosthetic limb or the even more
primitive body activated prosthetic designs which are only capable of rudimentary motions and actions. These new prosthetics dubbed
“Neural Prosthetics” would rely upon the human brain to determine their actions and behaviors. The main question | asked myself
when looking through all this research was, “if this technology allows users to control robotic mechanisms using only
their thoughts, why is it only being used to facilitate designs that focus on only replicating human forms and

human functions?”
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“THE BOUNDARY BETWEEN PHYSICAL AND NON-PHYSICAL IS
VERY IMPRECISE FOR US"”

- DoNNA HARAWAY, CYBORG MANIFESTO



UHAT 1S5 A MeCHANLIC AL
=X TEeENDEeED BOoDYy—

A term that may have been confusing up until this point is the term “extended body.” What is it? What does it mean? And why am |
choosing to use it to describe my project? Much of my research for my thesis was focused around prosthetic limbs. How they are de-
signed, how they function, what underlying technology do they make use of, ect. But for all of their unique and variable designs, they all
rely upon a fairly heavy accommodation; the loss of one’s body. Prosthetic arms and legs are made as facsimiles of the limbs they are
meant to replace. This intended goal seems obvious, after all, most of our constructed environments and technology are made with the
assumption that those using it are fully able bodied. What this results in is a group of designs that focus on two things. One, the replica-
tion of a form that resembles a human limb. Two, the replication of a form that imitates the behaviors and functions of a human limb.
While these two factors do not seem like great limitations in and of themselves, they are limitations that often work at odds with each
other and the materials used to construct their designs. What results are a series of designs with extreme tradeoffs. Designs like the
OpenBionics Hero Arm are made large and cumbersome even with the use of lightweight materials in order to accommodate dense
battery packs and complex circuitry and servos is an example of one extreme. On the other hand, there are numerous designs that only
provide the wearer with something that approximates the look and feel of a human limb with almost none of its functionality. These de-
signs are often composed of soft materials like silicon and other elastomers to more accurately replicate a human limb and are mostly
static or only capable of very basic functions. Through my research | found that designs that do not focus heavily on these two factors
and instead focus on adapting nonhuman forms and functions show much more potential functionality and work more harmoniously
with the technology and materials they are constructed with than the examples i just mentioned; but that is something that | will be dis-

cussing in a later section.

Mechanical Extended Body

This is a photo of Open Bionics most advanced pros-
thetic, the Hero Arm, which relies upon myoelectric
sensors to perform simple gripping functions. Despite
its relative simplicity, it retains a similar size and shape

regardless of the user’s age or body type.
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One of the co-discoverers
of CRISPR, Jennifer Doudna,
giving a speech on gene ed-
iting at the National Human
Genome Research Institute
(NHGRI)

A reasonable question someone might ask when faced with these questions is; if all of these problems arise from trying to rep-
licate an organic form like the human body with materials that are artificial and inorganic, why not seek to replicate those forms
with something organic in nature? While practices like regrowing limbs or cloning limbs from tissue may be a possibility some-
time in the future, what this question actually speaks to is the larger practice of gene editing within the human body. More
specifically, it speaks to the use of one particular scientific breakthrough in the field of gene editing through the use of CRISPR/
CAS-9. CRISPR, short for clustered regularly interspaced short palindromic repeats, is a practice of selectively editing parts of a
dna sequence in order to cause specific mutations. What is revolutionary about CRISPR compared to earlier forms of gene ed-
iting is that it is programmable and can be populated with any genetic code researchers desire. This is done by giving it a copy
of DNA that you would want to be modified and then putting that system into a living cell. CRISPR/ CAS-9 then works by cutting
apart the DNA sequence within that cell and inserting its new genetic code causing a mutation. While more controlled than

earlier methods of gene editing, CRISPR is still not a 100 percent precise or accurate tool. Some genes cannot be combined

Extended Body

and sometimes mutations are not consistent across multiple hosts, still it shows a lot of potential in creating
controlled programmable mutations to an individual's genetic code. The future potential of this technolo-

gy includes things like removing retroviruses such as herpes and other viruses which are incurable but live
within cells as hosts as well as the creation of cancer fighting cells that have been improved with CRISPR. For
this reason, CRISPR based therapies have already been approved as early as 2015 in China in order to fight

lung cancer.

According to one of the discoverers of CRISPR, Jennifer Doudna, this technology also presents a lot of dan-
gers. While genetic engineering is going to change many industries such as healthcare from changing its
approach from treatment to a larger focus on preventative care via gene therapy, it presents significant
dangers in that it's a tool that is easy to use, but hard to predict the long term consequences of. Since genes
and the codes that compose them are interlinked in mostly unknown ways; and gene expression (the physi-
cal result from changing a gene) can be linked to and changed by a myriad of factors, it is unethical to make
changes to an individual's genetic code while not knowing all of the consequences of those changes as it
violates their consent by subjecting them to unknown consequences. To quote William Hurlbut a biological

research ethicist;

“genetics is a very fragile balance...theres lots of reasons to be cautious here, its not genes are like Legos or Mr
Potato head where you just change a trait by changing a couple genes, genes interact with one another so we
need to have a very realistic scientific appraisal of what we’re doing...theres plenty of work to do for the next

half a century or century before we even ponder anything with regard to genetic enhancements”

So it is not feasible to even be making adaptive changes to the human body in the near future, let alone
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incorporate non-human physiologies like that of an octopus or other organism into that of a living person. The near future of this
technology according to its discoverer, Doudna, is in monogene (single gene) therapy and the treatment of genetic diseases, not

the manipulation of advantageous traits in the body. Mechanical Design technologies such as those of BCl's and neural prosthet-
ics, however, are currently being researched and actively applied to the human body and do not possess the adverse ethical con-

cerns of genetic engineering as they are much less invasive in terms of the alterations to the body that they require.

So how does all of this relate to the term extended body? Extended body is a term that | have constructed that works at odds
with another term: altered body. Thus far, | have only discussed designs that focus on bodily replacement. These are designs that
quite literally take the place of limbs and other parts of the body. My previously mentioned examples seek to replicate some of
the forms and functions of the limbs they replace. Some of the examples that | will show later take this one step further, and seek
to improve upon the abilities of the wearer by enhancing or augmenting their abilities based on specific use cases. All of these
designs are what | am calling Altered Body Designs, they are designs that seek to replace parts of the body with mechanical dupli-
cates. But all altered body designs rely upon that core accommodation that was previously mentioned: the loss or replacement of
one’s body. For congenital and acquired amputees, this accommodation is already met, which is why they are the sole users of al-
tered body designs. But how can we apply these designs to not only disabled individuals but able-bodied individuals as well? Any
design that requires the user to remove a fully functioning part of their body in order to accommodate is
unethical in nature, so too is any design that proposes permanently altering one’s genetic code. This is where
the concept of extended body comes in. Unlike altered body designs that seek to replace the body in order to enhance it, extend-
ed body designs work around the body to extend it. Extended body designs are more than just orthotics, however. Orthotics also
work around the body, but they often do so in order to support it or to augment the functions of existing parts of the body. Such
s the case from simple designs like leg braces to more complex designs like exoskeletons. Where Extended body designs differ is
that they seek to add functionality to the human body not merely augment it. These designs can take many forms: an extra limb, a

mechanical tail, or even a bodily conforming suit that gives you some of the abilities of an octopus.

Mechanical Extended Body
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An early altered body prototype inspired by the
physiology of the octopus. This would replace
the user's arm with a tentacle, changing how

they interact with others and their environment.
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“OUR ENVIRONMENT IS BECOMING ALIVE, OR AT
LEAST QUASI-ALIVE, AND IN WAYS SPECIFICALLY AND
FUNDAMENTALLY ANALOGOUS TO OURSELVES...”

- PHiLLIrP K. Dick, THE ANDROID AND THE HUMAN
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If the value of mechanical extended body designs is that they are not constrained by the narrow focus of human biologi-
cal replication, why did | choose instead to replicate another biological form in that of the octopus? To answer that, | need
to first explain the value and ethos behind zoomorphism and biomimicry in general. | mentioned earlier that altered body
designs that instead rely upon adapting nonhuman forms and functions show much more potential than those that fo-
cused solely on human facsimile. Instead these designs focus on creating specialized prosthetics for extreme use cases.
Though many of these prosthetics don't work well as a general replacement for the parts of the body they replace, they do
represent an improvement in terms of the performance and capability they possess within their specific uses. Perhaps the
best example of the advantages of this type of design comes from their use by athlete, model, and actress; Aimee Mullins.
A double transtibial amputee (below the knee), Mullins relies upon mechanical altered bodies (prosthetics) in order to walk,
run, and perform any functions required of a human leg. Despite her disability, in the 1996 Paralympic Games she set 3
world records via the use of a nonhuman based prosthetic and also became the first female amputee in history to com-
pete in the NCAA Division 1 for track and field. She did this not only through her extreme skill as an athlete, but through
the use of a new type of prosthetic leg called a Flex-Foot Cheetah, which as its name implies is heavily inspired by biology
of a cheetah. Where this particular altered body excels is in the act of running, however, it behaves poorly when trying to
replicate any other form or motion of the human leg. Unlike the human leg, the Flex Foot is not a permanent fixture on the
human body and can be easily interchanged with a number of other forms. Aimee Mullins herself has 12 different pairs of
legs that she alternates between depending on the situation, most of which feature an inhuman like quality such as longer

and skinnier than natural legs for modeling purposes or legs with carved designs and murals made from wood for the run-

/oomorphic Design

A photo of Hugh Herr utilizing his customized climbing prosthetic

juxtaposed with a photo of an ibex. Both make use of specialized
physical attributes in their legs to more easily perform a specific task,
climbing a rock face.
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way. The same can be said for another athlete who made use of animal biomimicry in the design of their lower
limb prosthetic, american engineer, biophysicist, and climber Hugh Herr. A recreational rock climber who is also
a transtibial amputee, Herr created an unique pair of prosthetic legs built specifically to aid in rock climbing.
These legs have a small foot allowing for easier fittings within narrow or hard to grip rock outcropping and crev-
ices as well as telescoping legs that allow for traversal across wider outcroppings than is normally humanly pos-
sible. Much of the design of these prosthetics borrow heavily from the physiology of creatures like the ibex or
mountain goats who have evolved similar physiological adaptations to traverse in similar environments. Similar
to the Flex Foot prosthetic, however, these designs are not well suited to other activities outside of rock climb-

ing like walking or even running comfortably.

Olympian, actress, and model Aimee Mullins is seen here making
use of her specialized prosthetic, the flex-foot cheetah, to im-
prove on her ability to run. It does this by borrowing physiolog-
ical adaptations better suited for fast lightweight running from

the cheetah, pictured above.

/oomorphic Design




What both of these altered body designs show along with other commercial and non-commercial designs is the value of biomimicry and non-
human traits when it comes to designing altered bodies. More specifically, it shows that traits and behaviors that rely upon the physical form of
animals show the most potential when adapted to an altered body design. This is also true for the field of robotics. Companies like Festo have
had great success at adapting the physiologies of chameleons, elephants, and cephalopods into a variety of soft and rigid mechanical forms like
grippers and arms. But just because there are designs for robotics and extended bodies being produced does not mean that those designs are
all necessarily desired. Specifically when it comes to replacing part of the body with something that can't perform all or some of the functions of a
fully functioning limb is a difficult accommodation to ask of any individual. It is for that reason that the most prolific of nonhuman designs, at least
in the field of altered bodies, are those made for extreme use cases as previously mentioned. This is also why | am making mechanical extended

bodies rather than altered bodies, as the wearer of these altered bodies would not have to give up human functionality in order to accomodate

the design but can still benefit from the additional functionality that the nonhuman design brings.

A variety of robotics that borrow from animal physiology to improve

upon their functionality. These robotics from the company, Festo,
excel at deconstructing an animal's traits that are based on their
physical abilities and applying them to a mechanical form.
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“HAVING A SCUBA TANK IN A THICK KELP FOREST IS NOT

OPTIMAL FOR ME, I WANT TO MORE LIKE AN AMPHIBIOUS

ANIMAL"

-CrAIG FosTER, MY OcTOPUS TEACHER
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human leg can be interchanged with a cheetah leg or an ibex leg for example as they are both legs and serve similar functions even if each is better

suited for different activities like running or rock climbing. But if | am to show that nonhuman physiologies have value, | need to show the most ex-

Q - 2/ Soft Animals
treme inhuman example that | can. To the side you can see an illustrated copy of one of the earliest taxonomy of animals from Ernst Haeckel's 1879 Star-Animals £ (Molluses)
{Echinoderma) 2N ﬂ{ Ringed Worms -
. . . , . . , , ¥ oy, (Annelida)
book Evolution of Man. If you take note of the locations of homo sapiens (us) and octopi, you will notice that they are on nearly opposite sides of l"”""\"e“ 1 e LU . |
Wl7f Primitive Worms - T et (
the illustration. That is because humans and octopi are so far removed from one another that they only share the highest taxonomy category, that Sea-Netblos 1= JD) : (Mf’,},“’lmm,t.},es) =0 ’-‘?'“ﬂp i\ &-
(Acalephae) ‘ ' - 7 // i N _ |
- Plant-Animals | J&0/7 77771 Worms ! |
¥ <=2 (Zoophyta) s Y77 (Vermes){ v} &
Sponges : _ (e : _,f\
. | . s Gastreada /4
This is a photo of one of the earliest known taxonomic trees ever ,/ DA .
A /';;_'.1
made. It is taken from Ernst Haeckel's 1879 book, Evolution of Man. Ei}gg-Aniﬁ:éIs | Planzada 5?3’ 375 { Infusoria| \
You can see that man and octopus (molluscs / soft animals) are on (Ovuwiaria) ; = '
opposite sides of the tree highlighting their extreme genealogical
differences. 2

< S

Animals

Invertehrate Intestinal
(Metazoa Evertebrata)

Why

Octopus?

Primitive Animals
(Protozoa)




Why

Octopus?

--“‘dh. E Y

! .
i s

!..lt ‘|J.;|.¢|!W'?-! i

*
#
L YA

This is a photo of an octopus moving about in its natural habitat.
Does any part of its anatomy seem similar or analogous to a hu-
man’s in any way? Are any of its movements, interactions, or behav-

iors human-like in any way?

of both being in the same kingdom, Animalia. It is for this reason that | chose to base my design on the physiology of the
octopus as they are so distant from us biologically that they exhibit many unique traits and behaviors that
are fundamentally different from our own. After all, if something so far removed from us biologically could be incorporated
into our own body, then the physiology of any creature could as well. And what creature is more inhuman in its appearance, behav-

ior, and biology than an octopus?

The fact that the form and behavior of octopus are so dissimilar from our own did present some interesting problems in and of
themselves. Throughout this design process, Ive been using narrative filmmaking as an important reference to inform how | proto-
type, construct, and conceptualize my design. The designers and artists who fabricate designs for monsters, aliens, and creatures in
cinema have crafted a number of techniques over the years to create designs that are intentionally more or less compelling based
solely on their appearance and behaviors. It's an oversimplification of this process, but as a shorthand the inclusion of more or less
human traits and behaviors is a common metric used for making a design more or less sympathetic to an audience. As previously
stated, an octopus exhibits virtually no human-like behaviors or features apart from having stereoscopic vision. Choosing the octo-
pus as the template for my design presents not only an opportunity to co-opt its many and unigue traits and behaviors, but also to
deviate from the conventional wisdom set by film makers and designers alike, remember: almost all of those previously shown ani-
mal prosthetic designs were informed by mammalian specimens. For my design to be successful it has to overcome an innate stig-
ma to non-human forms that has been ingrained in our psyche through generational wariness towards the unknown and reinforce-

ment through our media.

As | have repeatedly stated, the octopus presents many variable traits and behaviors due to how biologically distant they are from
us. But That also means there are more traits and behaviors than can be consolidated into one unitary design. From my collected
research | made a short list of some of the unique traits and behaviors that | was able to identify that were uniquely “non-human.”

These included things such as limb regrowth, internal jet propulsion, multiple hearts, a decentralized nervous system, ink dispersal,
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color and texture change through chromatophores, and much more. From that running list I narrowed it down to traits that could be mechanically or materially repli- A simple diagram that sorts a variety of fictional creatures and
, - _ . o o _ . aliens from more sympathetic to less sympathetic based on

cated as well as traits that would enable new modes of mobility and interaction within the constantly shifting landscape of near future environments. My design does ,

the quantity of human features they have. Note that there are

not specifically address some of the concerns of the near future such as how climate change and the increasing prevalence of smart city infrastructure will drastically duplicates of some creature designs that are sorted onto dif-

. , : : . - _ _ , ferent points on the diagram when more human features are
change our living and work environments. Despite this, | believe that the constantly shifting landscape caused by issues such as these will require us to be adaptable

added or taken away.
and experimental in our approach to previously mundane activities. Even simple activities such as walking can become difficult when increased sea level rise leads to

an increased frequency in flooding. My octopus extended body is not a solution to some or all of these problems, but it is a provocation. A provocation to not only

challenge the conventional wisdom present with the design of mechanical altered bodies to be more creative with their application of materials and technology, but to

also challenge how we may further evolve and develop our technology alongside ourselves.

Why Octopus?




O SI9rr
Oz z2iOofging
1 O ==




FPROTOT YR ILINC
MeCHANILICAHACOC ~AUNC T LONS

One of if not the most important aspect of my design was the adaptation of the octopus’ physiology into a mechanical design. | knew that traditional

mechanical designs that rely upon rigid structures and strong joints to create a strong articulated form would not work. This is because these method- Aflash prototype soft gripper made from plastic sheeting cups, and water. It utilizes the change

ologies are built on our own physiological structures of having a rigid skeleton that is then being actuated by the surrounding tissues, an octopus on the in volume of the water around an object in order to grip it while only applying a minimal amount
' . . o . . of pressure to the object.
other hand is an invertebrate and does not possess any of these same structures. It is this distinct lack of structure that allows for many of its variable
movements and interactions. So | began by analyzing and deconstructing soft robotic structures and even experimenting with creating a few designs of
my own. These designs were composed of silicon or soft plastic and were actuated by air pressure changing their volume in order to create articulation
and changes in form. The goal was to identify a structure that could be actuated with air, was composed of soft materials, and accurately replicated the
behavior of an octopus’ tentacle. Through this experimentation | discovered that soft robotics designs had two major flaws. The first, is that they are not
particularly strong, which would become a problem for supporting the human body or manipulating objects. The second, is that they would require an

air supply equal to their volume as well as a compressor and motor to actuate the design; two things that would not only require a larger amount of pow-

er, but would also make the design larger and more cumbersome.

One of the earliest silicon tentacles | made utilizing
a two part molding system that required the two

halves to be bonded together after molding.

Prototyping Mechanical Functions 21



A variety of soft robotic tentacle prototypes. These prototypes are composed of a soft
and flexible silicon that are cast with deliberately shaped air cavities on the inside that
connect to an external tube. The prototypes are activated by evacuating or adding air to
the prototypes via an external device. This action either inflates or deflates the air cavi-

ties inside the prototypes resulting in a single axis of motion in each of the tentacles.

Prototyping Mechanical Functions
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An alternative to the soft robotic design would be a more rigid robotic system composed of stronger materials that are not
reliant upon a large air supply and compressor system in order to be activated. One important problem in regards to rig-
id robotic systems, however, is that they can be hazardous and potentially harmful. This is due to the rigid materials that
compose their designs as well as the high amounts of power needed for activating those designs. The solution is a hybrid
system of soft and rigid robotics. Looking towards the special FX industry, | identified a number of designs and mecha-
nisms that have been developed for the creation of animatronic and special FX puppets. These designs are composed

of a number of interconnected discs or flexible materials that are then actuated by different types of cable mechanisms.
Despite their simplicity, these mechanisms are great at replicating numerous organic behaviors like those of tails, verte-
brae, necks, and even tentacles. They are also strong enough to support being coated and covered and other materials
and manipulate objects as well as light enough to be controlled and operated by a puppeteer using a simple controller. My
extended body would make use of a similar mechanical methodology, but also be coated in a soft rubberized material in

order to avoid any of the potential hazards associated with a rigid robotic design.

Single 4-Axis Tentacle Mechanism

Each axis (up and down, left and right) is linked together.
Shortening the length of one lengthens the other.
combined with flexible and rigid structures, this

results in a highly articulate yet strong

mechanism.

Top:

Special FX mechanic, Stephen Nor-
rington, working on a cable activated
puppet of a “face hugger” on the set of
the 1979 film, Alien.

Bottom:
A short explanation of how my 4 axis

cable mechanism functions.
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| went through numerous mechanical prototypes
and different controllers for those prototypes.
Mimicking different types of cable mechanism |
saw within the special FX industry, | developed

a prototype consisting of multiple flat discs that
are attached to a flexible central shaft. Running
through each of these discs are 4 cables that are

linked to a controller mechanism.
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Single 4-Axis Tentacle Mechanism
Tentacle Diagram

B Rigid Discs
B rlcxible Central Shaft
B  Actuation Cables

Actuated Position

These two diagrams illustrate how each of my tentacle mechanisms work. The one on the left is an
illustration of a single 4 axis tentacle like those seen in my early prototypes. The one on the right is an
illustration of two 4 axis mechanisms attached together and is representative of the interactive tenta-

cle mechanism that was made for the exhibition at the RISD Museum.

Prototyping Mechanical Functions

Neutral Position

Compound 4-Axis Tentacle Mechansim
Tentacle Diagram

Tentacle 2

— Termination Discs

Rigid Discs —

Transition Discs

Rigid Discs

Tentacle 1

Baseplates

Actuated Position
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Neutral Position
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Building on the functionality and material constraints that | established for myself by exploring the different mechanical functions of the octopus, | began
theorizing what form my extended body design would take. | knew that it would have to fit around the human body and that if it inhibited human func-
tionality that it would ultimately be counterproductive to create. The intentionality of my design is one that is additive in the tasks and functions that it
can perform and a design that inhibits a users range of motion or the use of their limbs would contradict this. To start, | began by looking at how things
are rigged and attached to the body. This process involved analyzing and deconstructing a number of wearables and harness systems to identify not
only how to attach a heavy form to the body securely, but also to identify anchor points on the body where my extended body design can extend from.
Through this research | identified two distinct groups of designs that work around the body. Those that are bodily supporting and those that are support-
ed by the body. Bodily supporting designs are those that quite literally support the user and are strong enough to support their body weight, examples
of these include climbing harnesses and exoskeletons. Bodily supported designs on the other hand, require the user to support the weight of the design
themselves and are much more common as they dont require as much support or power; examples of these include backpacks and any other wearable.
This research also identified key areas of support and interconnection, these “stabilization points” are areas where more rigid designs could be placed
while minimally impacting a users flexibility and range of motion. Since my design is striving to create new modes of movement and interaction, | chose
to go with one that was bodily supporting as it would not be hampered by the limitations of the users individual strength in order to accommodate the
design. | also prototyped multiple designs at scale around a couple of anatomical figures using wire and clay to visualize how different octopus extended
body designs would look when orientated on different parts of the body. Of the two stabilization points that | could have orientated my design on, | chose
to go with one oriented around the hips as it would allow the user to sit or rest comfortably into the design and would more naturally support their body.
A design oriented around the shoulders,contrarily, would require additional support for the rest of the users body in order to accommodate and would

likely be much less comfortable as it is requiring them to put all of their body weight on their shoulders and under their arms.

Supporting the Body

Two early designs looking at how an octopus based extended body

would fit on and work around a user’s body. These were sculpted out
of clay using scaled anatomical figures as a base.
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stabilization Points

-areas on the body in which
things can be anchored

without affecting the bodies <l
flexibility or mobility

: o
7 ) — Shoulders

-these points also act as load-
bearing points and areas of
strength within the body

To inform how my design would conform to the body but still provide a strong and secure connection that could support the robotic mechanism, | had to look back
at the design structure used in contemporary prosthetics. They face a similar design challenge with the implementation of their altered body designs as | do with my
extended body designs. For strength and durability, most prosthetics, especially commercial prosthetics, are made out of rigid materials. These materials do not inter-
sect well with the soft human body. Additionally, the point at which an users’ residual limb intersects the design changes from person to person. To overcome this, an
intermediary material is used. In most cases it is a soft flexible material, like silicon, that conforms to the user’s body and shapes it so that it can more readily intersect
the design of the prosthetic. Essentially, it is a silicon sleeve that “fills the gap” between the user's body and the design. | took a similar approach when addressing the

gap between my design and the human body and incorporated a soft silicon undersuit that the user would wear while interfacing with the design.

Supporting the Body

Socks have evolved from wool to an open-cell synthetic fabric
for more skin breathability in order to prevent moisture and
sores. i

Sleeves use materials that are shock absorbing and gentle on
tender portions of the skin. These sleeves can be made from ... ¢ . iiiiiiiinnrenennass )
Silicone, Polyurethane, or Copolymer.

The Socket is composed of carbon fiber and a urethane
bonding agent, giving the part durability while still maintaining ........ @
a very light weight.

“Space-Grade” Aluminium allows for corrosion
resistance and relatively high strength.

........

@ Microprocessor-controlled hydraulic knee reg
lates the extension and compression of a pistc
connected to the upper section of the knee usil
sensors to determine the type of motion beil
employed by the amputee.

.............

@ Lithium-ion battery housed within the knee joint. ., .\ 4. @

Heel Strike Mid Stance Toe Off

The 1C30Trias Foot is composed of a unidirectional carbon fiber composite giving the
foot high strength and flexibility for a smooth foot roll rover.

Left:
A simple diagram outlining areas on the body that are best suited for
supporting external designs as well as being supported by external

designs.

Right:
A diagram that deconstructs a sample prosthetic into its individual
parts. Note the use of a silicon sleeve that acts as an intermediary be-

tween the prosthetic and the users’ body.
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These images showcase the development of a partial visual prototype so that users can

see the section of the octopus extended body that intersects with the body. This process
involved a material exploration to identify the right type of silicon for constructing the under-
suit as well as the fabrication and assembly of a sectional of the octopus extended to go on
display in the RISD Museum.

Supporting the Body 35



e~ I NI NGO ReESTHET L
CHO I &E5S

For informing the aesthetics of the design itself | again returned to my specimen the giant pacific octopus. | think that it is important to highlight that

the creature inspiring my design, the giant pacific octopus, has the highest variation of color and texture in its chromatophores in comparison to any
other cephalopod species including other octopus species. They have no true resting state, and even when dead, their chromatophores typically retain
the color and texture of their latest environment. But within a vacuum, their bodies are blank slates which is a reflection of their physiology as without

an environment or activity to ground them in, the octopus appearance and behavior is quite innocuous and inert. This is contrary to how we often view
them within their native aquatic and semi-aquatic environments; but it is just this contrast that highlights their versatility and adaptability. The octopus,

in its neutral state also offers multiple avenues of biological exploration in and of itself and | am only exploring a few of those with this design. Likewise,
my design based on the octopus offers multiple avenues of approach by the mere presentation of possibilities within a consolidated form, but it doesn't
make preconceptions on what to do with those forms by suggesting a specified activity, mode of use, or by adopting a particular design aesthetic for a
specified user group. This also allows the design to be more conducive to creating dialogues with people across different industries and more successful-
ly conveys my intended goal of conceptual exploration. This would not have been possible If i had made the design hyper specialized for a particular use.
An example of this could be, that if the design is informed by a military aesthetic (color, forms, materials) then that would preclude a military use for the
design and military users for the design which would exclude other narrative or theoretical possibilities. This would likewise be a problem if I adopted any
other specific aesthetic, therefore, in order to leave the potential open and to demonstrate the multifunctionality of the design and let viewers imprint
their own potential direction and uses for those functions, what | am presenting is a centrist perspective. | want to emphasize that this does not mean
that the design does not have any specific uses or specific users, only that if I presented very specific uses for a very specific user group it would narrow

the potential for the design and muddle its intended purpose.

Aesthetic Choices

Aesthetics of the octopus transforming between different colors (3 photos?)

These photos depict a captured octopus rapidly changing the color and texture of its skin
in response to its new environment. This process is instinctual and happens independently
of the octopus’ own will. Qualities like this are yet another reason why | chose the octopus,
because its physiology lends itself to adaptable self expression and change.
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These are photos from the 2021 Masters of Industrial Design Thesis Exhibition at the RISD Museum.
The exhibit includes a partial model showing the wearable section of my octopus extended body
attached to a female mannequin form. Surrounding it are two tables. On one, is an interactive two
stage tentacle mechanism that allows visitors to the exhibition to experience how my mechanical
facsimile of the octopus’ tentacle would work. Each controller allows the user to control a different
end of the tentacle, each of which have 4 axis of motion similar to my previous mechanical proto-
types. The other table has a monitor that informs the user about the designs development, inten-

tions, and potential modes of use.
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These final renderings represent how | envision a fully functional version of my design looking as well as the ideal mate-
rial choices for each section of the design. The tentacle mechanisms consist of two distinct parts. An internal mechanical
section composed of rigid discs that are fixed to a flexible central core. Like the interactive prototype that | made for the

exhibition, these discs are activated via the use of cables running through all of the discs in the tentacle. The pulleys for

these cables are located in the core of the design situated around a potential user’'s waist. These rigid mechanical parts are

surrounded by a soft silicon sleeve turning the tentacles into a hybrid design of mechanical and soft robotics. The wear-
able section of the design consists of two parts as well. A soft silicon undersuit that conforms to the user’s body acts as the
transition layer between the user and the rest of the design. On top of the undersuit is the rigid shell of the design. This
part houses all the additional computers for controlling the tentacles as well as a link to the users implanted BCl for op-
erating the tentacles, the batteries (located on the rear compartment) for powering the design, the cable pulleys, and the

various other electronic components necessary for the design to function.
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