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1. Project text 
Limb amputa�ons are a more common problem than we think. In fact, there are more than three 
million amputa�ons each year due to several reasons. Prostheses try to make life easier for the 
people who suffer from it, but a lot of developments are s�ll needed to obtain good 
replacements for real limbs. 

Our solu�on consists of a prosthesis that uses Megamorph, ac�ng both as an ultrasound 
transceiver and a pressure sensor. It detects the muscle ac�vity around the amputa�on point 
with ultrasounds, and then converts this to movements of the prosthesis. Moreover, covering all 
the prosthesis with Megamorph, we can detect the pressure and create kind of an ar�ficial skin.  

With these two features, we are closer to crea�ng a more realis�c prosthesis than ever before.  



 

 2  

2. Key insights on the process 
The graphene membrane turned out to be reasonably suitable for detec�on tasks together with 
ultrasound, as the pixels can operate as mechanical transceivers. Applying certain voltage to the 
membrane it bends at a frequency, emi�ng ultrasound waves. As the graphene is sensible to 
mechanical perturba�ons, it can also act as a receiver, and the combina�on of pixels recep�ons 
results into a precise mapping.  

Regarding the ultrasound applica�ons, it is a current suitable technology for body scanning and 
commonly used in echography procedures. Now imagine a kid gets hurt and parents want to 
check if any bone is fissured or broken, and can do so with a simple phone. Moreover, a doctor 
can instantly check whether there’s a need to go the hospital or some rest is enough for the 
moment. Thus, could be helpful to solve hospital conges�on and as well during the follow-up 
a�er an injury. As the pixels are in a micro scale it can fit in any device, despite size and hardware 
due to Megamorph’s easy integra�on. Probably some years will have to pass un�l phones’ 
hardware will be embedded enough to incorporate ultrasound detectors. Nevertheless, 
Megamorph stands as a great solu�on for a couple of reasons. In the first place it provides a 
great resolu�on in the imaging due to its precision and granularity when sampling. In addi�on, 
its low energy consump�on and compa�bility makes it feasible in any embedded system or 
device. 

When talking about ultrasounds, other possible applica�ons show up. For instance, a microscale, 
taking advantage of the 10 microns size pixel and sensibility of the graphene layer. At some point 
the team found out that ultrasounds are useful to remove microplas�cs in water. Basically, the 
device would emit ultrasound waves crea�ng sta�onary waves at certain points where 
microplas�cs would be trapped and filtered. The recent research regarding this filtra�on system 
has some limita�ons, as the actual probes are done in a millimetric pipe, with a low flow capacity. 
Thus, at the moment would not be a feasible idea to clean oceans from microplas�cs as it would 
not be able to make any effect, but it could be integrated in washing machines and other home 
appliances for chemicals filtering. Though for the case, other cheaper filtra�on methods would 
be preferably in the sustainability/cost trade-off. 

Then, stepping back to body detec�on, another solu�on took place, use Megamorph to scan 
muscle ac�vity in real �me. As well, we took other similar direc�ons such as a hap�c feedback 
device, to control a robo�c arm simply by moving your arm on the Megamorph device and 
detec�ng the movement throughout ultrasound waves mapping. Useful in some dangerous 
manufacturing processes, involving toxic substances.  

This direc�on started to open an interes�ng window in the body care area. That’s when the team 
looked on prosthesis and started to think how could Megamorph help people who suffered an 
amputa�on. Now the challenge was to build a prosthesis that could be freely controlled and be 
sensible to contacts.  

To provide the desired movement to the hole prothesis, Megamorph was a suitable solu�on as 
recently discussed, as it allows the real-�me muscle ac�vity scanning and thus placed in the 
amputa�on point reveal the intended movement. Combined with neural networks and machine 
learning to interpret those samples and recreate any movement. Talking about the sense of 
touch, placing Megamorph all around the prosthesis as an “ar�ficial skin” would do the work, 
and this �me the Megamorph pixels would act as force detectors, being able to map the 
contacted area and the pressure applied as the graphene layer is sensible to mechanical 
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perturba�ons, just like commented previously. Now Megamorph would indeed complete those 
tasks, although there is one constraint about bringing the informa�on detected by the 
Megamorph skin up to the brain to be properly processed. Since ultrasound don’t work with 
neural impulses and current methods based on electrodes are not precise enough, it's not a 
worthy op�on yet. For this reason, the team decided to bring an alterna�ve un�l electrode 
technology is sufficiently developed and trigger certain areas around the amputa�on point, 
involving a new learning process of sensa�ons. 

 

3. Design process 
The process started with a display formed by and array of micropixels called Megamorph. This 
graphene pixels can operate in a wide range of frequencies, from visible spectrum up to 
ultrasound waves. At this point the brainstorming process was focused on applica�ons based on 
mechanical waves, taking profit of the Megamorph features. 

A�er deciding on what would be the final applica�on for which we would use Megamorph, we 
began to study how we could efficiently apply it to our proposal. 

We started with the analysis of exis�ng prostheses and the study of the anatomy of the hands 
and other upper limbs. We also take into account the communica�on made between the brain 
and the muscle that makes the movement thought by the pa�ent to be executed. 

In the challenges faced throughout the design process, we encountered several challenges that 
required careful considera�on and problem-solving. Some of the difficul�es included: 

a. Miniaturiza�on: Integra�ng Megamorph technology into a prosthe�c device required 
overcoming size and weight constraints without compromising func�onality or user 
comfort. 

b. Sensory Feedback: Ensuring the prosthe�c device provides users with appropriate 
sensory feedback was a complex task. The ability to gauge grip strength and object 
manipula�on is crucial for a natural and intui�ve user experience. 

c. Customiza�on: Designing prosthe�c devices to cater to individual needs and preferences 
posed a challenge, as each user may have unique requirements and anatomical 
considera�ons. 

The development of the design was based on our previous studies, aiming to find the materials 
and ways of execu�on that would result in the lowest possible cost and produc�on �me, and 
seeking for a financially accessible final product that could be applied even in the most remote 
places. It involved understanding the technology, researching poten�al applica�ons, discarding 
unfeasible op�ons, and selec�ng prosthe�cs as the focal point. 

The main proposal aims to develop a prosthe�c device u�lizing Megamorph to enhance 
individuals' ability to perform simple tasks, thereby improving their quality of life. The process 
encountered challenges related to miniaturiza�on, sensory feedback, and customiza�on, which 
required innova�ve solu�ons. By addressing these challenges, we aim to create a meaningful 
social impact and contribute to the advancement of assis�ve technologies using Megamorph. 
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4. Introduc�on of the final prototype 
The final prototype is an arm prosthesis with two key features. 

 

Figure 1: Final prototype 

The first one, which is the one that differen�ates it from the rest of prosthesis, is the wat it 
detects the muscle ac�vity at the amputa�on point. Around the inser�on cavity of the 
prosthesis, there is a like a bracelet that surrounds the arm which is made with Megamorph. This 
acts as an ultrasound transceiver, and can measure the different varia�ons of the muscles when 
the person tries to move the arm. These measurements are taken to the processor of the 
prosthesis, which is inside it, and, through AI and other algorithms, is converted to the proper 
movements of the prosthesis. These movements are carried out by different mechanical parts 
and engines, like the ones we have at actual prosthesis. 

The other feature is what we call an “ar�ficial skin”. This is a coa�ng of Megamorph around the 
prosthesis which can detect, at different points, the pressure we are doing. Here, Megamorph 
has a completely different use, because it is ac�ng as an hap�c sensor. The measurements are 
processed by the on-board computer of the prosthesis and are converted to signals that are 
recognized as touch for the brain. Here, AI could be used to create more real signals, which are 
as close as possible to those that carry nerves to the brain. 

At this point, we have a technological difficulty that we have to overcome. It is the method by 
which we transmit the touch signals to the body of the person. We have though two possible 
solu�ons. The first one is doing it by electromyography techniques. They consist of many micro 
needles that are atached to the arm’s pa�ent around the amputa�on point, and the signals are 
transmited to the nerves and all the way to the brain. With this solu�on, we could obtain a 
nearly realis�c sense of touch. 

However, we have thought a second stage solu�on that could lead to an even more realis�c 
sense of touch. When nerves connec�ons are further inves�gated, we could transmit the signals 
directly to all of them, so we could create signals like the real ones and send them to the brain. 
The pa�ent would be able to feel the same exact sensa�ons as the ones of the real limb. 
Moreover, we could send the signals to the nerves wirelessly if a receiver is put inside the pa�ent. 
This way, we would obtain a completely non-invasive prosthesis, that would permit the pa�ent 
to remove and put it whenever he wants. 
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5. Insights from Dr. Lluís Guirao interview 
Dr. Lluís Guirao, an expert in the field of prosthe�cs, recently provided a wealth of informa�on 
regarding the latest developments in the industry. The primary focus of the discussion was the 
poten�al benefits and challenges associated with modern prosthe�c technologies, including 
non-intrusive myoelectric prostheses, hap�c feedback, and osseointegra�on. 

According to Dr. Guirao, a major advantage of myoelectric prostheses is their non-intrusive 
nature, which allows the device to be placed within the socket without the need for surgical 
altera�on of the conven�onal part. The most advanced versions of these prostheses have the 
capacity for a significant range of movements - up to 18 to 22 different paterns - although it 
should be noted that many pa�ents may not currently be able to fully u�lize this poten�al. 

One standout feature of these devices is the propor�onal controls, which enable the user to 
regulate the speed of the prosthe�c movement. However, the level of muscle atrophy in the 
pa�ent can present a challenge to this system, since it limits the capacity to access the 22 
movements. In other words, the current does not have a resolu�on good enough to read 
atrophied muscles, therefore pa�ents can only access 3-4 movements of the poten�al 22. 

Manufacturers such as Otobock and Össur are leading the way in this technology, offering mul�-
ar�culated hands with up to 8 channels. The later company, based in Iceland, has developed a 
prosthe�c system that uses intui�ve controls: the user simply thinks about the movement, and 
it's executed by the prosthe�c via muscle control. 

The myoelectric prosthe�c system, named Mioplus, is praised for its high precision and intui�ve 
interface. Pa�ents using this system could poten�ally perform up to 18 to 22 movements. 
However, again, the atrophy of the muscles s�ll limits the access to the 22 movements. The key 
to this system is its intui�veness, as users can ini�ate movements as naturally as if they were 
using their own limbs. 

In terms of sensory feedback, Dr. Guirao discussed the advances in hap�c technology. This 
includes varia�ons in color and sound as ways to convey informa�on to the user. In Sweden, 
prosthe�cs with thermal feedback are being developed, although pressure feedback is not yet a 
feature. Ideally, such hap�c feedback mechanisms should be integrated within the prosthe�c 
socket, reducing the reliance on external devices. 

Dr. Guirao also men�oned a surgical procedure known as Targeted Muscle Reinnerva�on (TMR), 
pioneered in Chicago, which is invasive but can reposi�on muscles for improved prosthe�c 
control. This process is ideal for amputa�ons that are proximal to the shoulder. 

Osseointegra�on, a procedure where the prosthesis is directly atached to the bone, was also 
discussed. This method offers increased poten�al for sensa�on and movement but comes with 
a higher risk of infec�on due to the in�mate bone connec�on. 

While these technological advances are impressive, Dr. Guirao emphasized that the real 
challenge lies in pa�ent training and adapta�on. This is not a cri�cism of the technology, but a 
reminder that pa�ents need �me and support to fully u�lize these advanced systems. 

Lastly, he touched on some prac�cal considera�ons in prosthe�c use, such as seasonal changes 
leading to contrac�on or enlargement of the prosthe�c socket, and the associated swea�ng that 
can impact fit. Mobility within the socket is key, and we believe that Megamorph could be vital 
in ensuring the prosthesis remains securely in place. 
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Although promising technologies like Mioplus have emerged in recent years, Dr. Guirao 
highlighted that the prosthe�c revolu�on is s�ll very much in progress, and there is s�ll much to 
be achieved. 

From this interview we had the confirma�on from Dr. Guirao that Megamorph poten�ally can 
help in certain key points. For example, the precision of Megamorph can be essen�al to have a 
higher resolu�on of the atrophied muscle, and therefore easy the process of the pa�ent to 
access to the poten�al 22 movements. 

Moreover, the Megamorph’s precision can really help during the sessional changes of the 
muscles in terms of enlargement and contrac�ons. These changes can really affect the 
movement of the prosthe�cs, since the change of form of the muscle difficult the process of 
reading them and therefore the AI can interpret nor translate what is the ac�on that the 
prosthe�c must do according to the movements of the limbs in the amputa�on zone. With higher 
precision it is easier to read the changes that the muscles have gone through and train ai to adapt 
to these sessional changes. 

 

6. Reflec�on of the student learning 
Throughout this project, we have not only learned how to collaborate effec�vely with individuals 
from diverse backgrounds, but also how to effec�vely communicate our professional 
terminology using different vocabularies to enhance our interac�ons. 

Given that we all hail from different universi�es, we faced the challenge of coordina�ng our 
schedules, which necessitated learning how to work independently without the need for daily 
mee�ngs. This experience taught us the importance of se�ng clear rules and effec�vely 
distribu�ng workload based on each team member's competencies. 

One aspect that we par�cularly appreciated was the opportunity to engage in coaching sessions, 
where we could discuss and seek guidance for any uncertain�es we encountered. Consul�ng 
with our instructors clarified our doubts and provided us with valuable insights to guide our 
project direc�on. Moreover, this project has sparked an interest in scien�fic research as a 
poten�al professional path for many of us. We have realized that we would like to delve deeper 
into this field and explore its possibili�es. It is worth no�ng that other team members brought 
their exper�se in the business world and its methodologies, which further enriched our 
collec�ve experience. 

In conclusion, regardless of our respec�ve fields of exper�se, this project has been a highly 
rewarding journey for all of us. We have grown both personally and professionally, and we look 
forward to con�nuing our explora�on and pursuit of knowledge in various domains.  
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