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Abstract:  
Over the last five months, an young motivated engineer has sought out to design and               

build any project of her choice that encompasses the skills and knowledge she has learned over                
the past four years in the legendary Whitaker Lab. After much thought, she settled on a                
prosthetic hand that mimics the movements of a natural limb, and will one day send sensory                
information back to the user using electrical signals. In total the prosthetic hand is 32 different                
pieces assembled into one and the sensory glove worn by the user is 13 pieces, both of which are                   
made using a 3D printer. The prosthetic hand moves via the use of small servos that pull at the                   
fingers as would tendons pull at biological signals.  

  



 

Motivation and History 
The movement of human fingers is mainly controlled by muscles and tendons outside of 

the hand itself. The movements of the thumb are dictated by a variety of muscles in the hand, but 
the flexing and extending of the thumb is controlled by the flexor pollicis longus tendon that 
bends the tip of the thumb while the extensor pollicis longus       Image 1 
extends the thumb. This muscle is located in the forearm             www.assh.org/handcare/safety/tendons 
while the tendon attached to it runs through the hand and 
thumb. The flexor digitorum profundus is a muscle that allows 
four tendons to branch off attaching to the tips of the index, 
middle, ring, and pinky finger that allow for the full bending 
motion (bending all three joints of the finger) by flexing. The 
important aspect of all of the muscles is that they originate in 
the forearm, being the tendons that actually run through the 
hand. Therefore, the nerves that activate the muscles are also 
located in the forearm. This means that--in some 
cases--amputees that have lost their hands still have healthy 
neurons that can flex the muscles responsible for finger 
movement even if they themselves don’t have those fingers. In 
other words, even though the fingers are absent, the muscles 
and nerves that move them are healthy. Prosthetic engineers and surgeons can therefore create 
bionic hands that use the activity of these nerves to activate the prosthetic as they would activate 
a natural hand. The action potentials set from the brain to the muscles responsible for finger 
movements when a person is thinking about moving their fingers can be used to code the motor 
movements of the bionic hand. This is--without surgically implanting action potential receptors 
into the user and at a much simpler scale--what I originally sought out to create: a bionic hand 
powered solely by muscles in the arm. Due to the current circumstances however, the project had 
to be modified so that the movements of the prosthetic were instead activated by the movement 
of the users other hand.  

The oldest prosthetic known to exist dates back to as early as 950 B.C.E. in Egypt, being 
     Image 2           a simple wood carving that worked as a big toe for both 

stability and fashion. Ever since then, prosthetics of all 
kinds, arms, legs, fingers, even faces, have allowed humans 
to better enhance their chance of survival and better express 
the values of their culture. Naturally, the materials and styles 
of prosthetics have changed dramatically throughout the 
years, beginning with simple stumps of wood, transitioning 
into dynamic iron limbs, and developing so much to become 
the prosthetics that are around today. The first prosthetic 
worked with the brain was created in 1957: a cochlear 
implant. Since then, all kinds of prosthetics have been 
created to be powered by the brain through either surgical 
implantation or high caliper EMG sensors in order to replace 
a once lost human ability in the user.  

https://www.assh.org/handcare/safety/tendons


 

The topic of brain powered machines has always fascinated me due to the seemingly 
impossible science: how humans have been able to create machines that work with their bodies, 
not as an accessory, but as a natural part of the body. Naurtually, neural prosthetics became of 
interest to me. However, the aspect of the prosthetic returning sensations back to the user comes 
from an electronic skin developed at Johns Hopkins University in conjunction with a prosthetic 
hand. What the skin is essentially composed of are tiny touch sensors that pick up both pressure 
and pain stimuli that then send sensations back to the user mimicking the feelings. This 
technology is one of the first of its kind to send viable sensory information back to a user 
wearing a prosthetic.  

For the most part, prosthetics as advanced as the one being developed at Johns Hopkins 
are still in the research phases and are not yet being used by amputees in their everyday lives. 
Most of these prosthetics are still not transportable. Johns Hopkins did allow the amputee who 
helped out with the experiments live with the prosthetics for some time; however, this wasn’t 
permanent. Moreover, this institution was granted $120 million dollars to spend on research for 
this prosthetic in a span of 10 years. Even with a budget this large, this prosthetic cannot be used 
for driving and cannot get wet.  

Of course, the prosthetic that I am building needs much more time and funding to be 
realistically used by an amputee; however, this project is the beginning of my study in the field I 
hope to pursue both in college and in my professional career, eventually hopefully engineering a 
prosthetic limb that surpasses that made at Johns Hopkins.  
  
 

  



 

Design  
Prosthetic Finger: 

       Figure 1          Figure 2         Figure 3 

Figure 4         Figure 5 Figure 6 & 7  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 

 
Glove Finger:  

 Figure 8      Figure 9 Figure 10 

 
 
Assembled Glove:  

Figure 11       Figure 12 Figure 13 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
Figure 14 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Before I begin to explain the design behind my project, I want to say that my project was first 
broken up into three different goals: 

1)  Creating a sensory glove device that moves the prosthetic hand.  
2) Mimicking Johns Hopkins’ “electronic skin” to send electric pulses (giving off a tingling 

sensation) back to the user when the pressure sensors on the prosthetic hand feel some 
kind of physical stimulus.  

3) Moving the prosthetic hand with EMG sensors that pick up muscle movements in the 
arm, removing the sensory glove device all together.  

Due to the circumstances, only the first goal was able to be completed with hopes of completing 
the second sometime in the future.  
 
Sensory Glove Device:  

The primary focus of the sensory glove is to measure the motion of the user’s fingers 
using stretch sensors. Therefore, the actual glove is designed to resist the movement of the 
fingers as little as possible to ensure the natural bending of the user’s joints. This proved to be a 
challenge since the stretch sensors needed to be placed on top of the fingers in order for the 
sensor to actually stretch. However, the skin on human fingers stretches. It is most stretched 
when it is bent and least stretched when it is extended. Therefore the contraption that rests on the 
finger and holds the stretch sensor from falling off of the finger must also be able to stretch along 
with the skin. For the first design of this glove for a specific finger, this fact was not taken into 
account until after 3D printing. The design was uncomfortable to wear, restricted natural finger 
motion, and gave inaccurate stretch sensor readings. The problem in the design was both that the 
separate pieces (almost like the three main bones in the finger) did not bend smoothly and they 
did not stretch. For the second prototype, the glove was designed both to stretch and to have 
minimal friction between joints. To do this, as seen in Figures 8-10, the oval shaped holes on the 
ends of the piece are meant to allow the constructed pieces to stretch and contract based on the 
movement of the user’s finger. With this, the user is able to move their fingers as they naturally 
would when not wearing the glove, sending more accurate motions to the prosthetic hand.  
 
Prosthetic Hand: 

In order to ensure that the prosthetic hand moves most like a natural limb, the various 
joints of the hand are designed to move in two dimensions with resistance to ensure that the 
figure does not hyperextend past 180 degrees. With this, when the string attached to the tip of 
each finger pulls on the finger by the rotation of a servo, the finger will bend as would a natural 
finger. Moreover, to ensure that each joint of the fingers bends completely when the string pulls 
(instead of just the joint attaching the finger to the hand) each one of the three different parts of 
the finger has a place where the string can feed through as seen in Figures 1-3. This allows the 
string to pull on each part of the finger from a location that is independent from the origin that 
the string is being pulled at. Of course, the down side of a design like this is that the motion of 
each finger can sometimes be unpredictable since it is not individual servos rotating at each joint 
but one servo causing a cohesive bend of all joints at once. This approach is most favorable 
because--as stated earlier--the bending of each finger is caused by one muscle and tendon pulling 
on the finger of the tip of it.  



 

As stated earlier, the bending of the fingers is caused by a servo located in the forearm of 
the prosthetic that is pulling on the fingers with a string based off of the specific angles that the 
user bends their finger.  
 
Code:  

The following code uses an equation that corresponds a specific amount that the stretch 
sensor stretches to the angle that the servo rotates.  
 
#include <Servo.h> 
Servo myservo;  
int pos = 0;  
void setup()  
{ 
 Serial.begin(9600); 
 myservo.attach(9); 
} 
void loop()  
{ 
 int sensorValue = analogRead(A0); 
  float voltage = sensorValue * (5.0 / 1023.0); 
  float angle = (214.286 * pow(voltage - 1.58333, 2)) -63.2024; 
  Serial.println("Voltage:"); 
  Serial.println(voltage); 
  Serial.println("Angle:"); 
  Serial.println(angle); 
  myservo.write(angle); 
} 
 
 
 
 
 
 
 
 
 

  



 

Theory:  
Torque: 

Figure 16 

 
 
Energy:  
Ub    =  Potential Energy of Rubber Band  
Ub    =  ½ kx2 

IF TIME FIND SPRING CONSTANT  
 
Stretch Sensor:           Image 3 

A stretch sensor is, in 
essence, a potentiometer that’s 
resistance is adjusted via the 
stretching or squeezing of the 
sensor. It is made up of a 
semiconductor, such as silicon, 
that is infused with carbon. The 
sensor is in the form of a rubber 
band that is coated with a flexible 
membrane. When the particular 



 

stretch sensor being used in this project is unstretched, it has a resistance of 1000 ohms per linear 
inch, meaning that the three inch sensor has a resistance of 3000 ohms. When the stretch sensor 
is stretched, the conductive carbon particles of the material stretch out from one another, making 
it so the ‘conductive path’ of the sensor is decreased in density, making it harder for electricity to 
flow through the material, resulting in an increase in resistance of the material. Essentially, as 
seen in the figure above in the image on the right, a conductive chain consisting of conductive 
fillers is required to conduct electricity from one end of the sensor to another. When the sensor is 
unstretched versus when it is stretched, there are likely much more chains that can be pathways 
for electricity to flow through.  

    Figure 17 
In a circuit with an Arduino, a stretch 

sensor can work to modulate voltage 
readings picked up by the arduino via the 
use of a voltage divider. The figure to the 
left illustrates the circuit being used in this 
project and with the stretch sensor. As the 
resistance of the stretch sensor increases, 
the voltage detected by the Analog pin of 
the Arduino decreases. By using an 
equation that corresponds to specific 
voltage values to degree values of the 
servo that bends the prosthetic hand, the 
stretch sensor maps the bending of the 
user's hand and translates that bending into 
the bending of the artificial hands.  
 
 

Servo: 
A servo is a motor that, instead of continuously rotating in one direction or another, can 

turn a desired amount and stop without having to disconnect the device. This is down by the use 
of a simple DC motor and a potentiometer. As the motor turns, the resistance of the 
potentiometer changes. The main circuit of the servo then uses the changes in resistance to stop 
or start the motor in the desired direction. If the motor reaches the desired location, the resistance 
of the potentiometer causes the motor to be disconnected from the circuit, stopping the motor. 
Servos are also very efficient. If the servo’s initial location is near the desired location, the servo 
will not turn as fast as it would if it were further away.  

A servo is controlled via the use of pulse width modulation, which are electrical pulses of 
a variable width. A specific width will correspond to a specific location that the servo must turn 
to. If the command is then repeated, meaning the same pulse width is sent to the servo, the servo 
will hold the position.  

For this project, it is important that the prosthetic hand can grasp objects with force. The 
servos allow for this because when a torque is acting against a servo, the servo resists the torque. 
The servos do, however, have a torque rating, which is the largest amount of torque they can 
withstand before moving position. For this project, there will always be a resistive torque acting 



 

on the servos since the rubber bands that hold the fingers in place will resist their bending and 
return the figure to its natural position once the servo moves back to the neutral position.  
 
Electric Pulses: 

If time permits, the prosthetic hand will send sensory information back to the user 
simulating pressure being inflicted on the prosthetic. As an example: if the prosthetic hand holds 
a tennis ball the user will feel electrical pulses in the region of their hand that corresponds to the 
region of the prosthetic where the tennis ball is applying pressure. This will be done by pressure 
sensors on the prosthetic that fluctuate in resistance as do stretch sensors. These pressure sensors 
will then read their environment and send signals to the Arduino, which then sends electric 
pulses through electrodes to the user's hand that mildly shock the user in the corresponding 
region.  

Electricity in the way our brains are able to transmit information to the rest of our body. 
This electricity is in the form of (previously mentioned) action potentials: ‘waves’ of charge in 
the form of ions that flow through neurons. These waves subsequently cause muscles to contract 
and organs to release chemicals. Moreover, actions potentials are responsible for our ability to 
sense information around us. Pressure on our skin causes our touch sensors to trigger action 
potentials. These action potentials are then processed in the brain, making us aware that 
something was felt by our skin.  

With this concept in mind, artificial electrical pulses to the skin can also trigger action 
potentials into making the brain believe that a stimulus, analogous to pressure on the skin, was 
felt.  

 
  



 

The Next Steps:  
If given more time and resources to complete this project, I would continue on the path 

that I had initially sought out to take in creating this device. This means that I would move on to 
the second goal of the project, which is making it so the prosthetic hand sends sensations back to 
the user using pressure sensors and electrotherapy pads. This would greatly improve the 
performance of the other mechanisms of prosthetics that are not involved with these components 
because the prosthetic in this case would take the next step into becoming the user’s hand. 
Whereas in the first stage of the project the user only moved the prosthetic, using only their sight 
to gage the accuracy of their movements, in this second stage they are using the actual biological 
mechanism that does this in the human body: touch. The user would then know how much 
pressure to press down on an object that they are not directly holding.  

Furthermore, after completing this, I would move onto the final stage of the project which 
would be to remove the glove from the design completely and use EMG sensors to pick up the 
muscle movements in the users forearm to code for the movements of the prosthetic hand. This 
final step will lead to lack of precision due to the close proximity of the muscles activating each 
specific finger and less precise control of the specific angles the fingers should be bending at. 
However, with more advanced technology such as more accurate EMG sensors or even a 
surgical to implant this device into a patient, this is what would take this project from being an 
interesting yet unessential accessory to those who are not amputees, to a prosthetic that amputees 
could actually use.  
 
 

  



 

Conclusion: 
Due to the dramatic events that occurred in our world with the COVID-19 Pandemic and 

shelter in place over the past few months, I have not had the resources to fulfill this project as 
how I initially planned. My goal for this project was not only aimed at designing and building the 
mechanical and electrical components for a prosthetics, but also at creating a device that returned 
sensory output to the user in the form of electrical signals. Due to the current circumstances, I 
unfortunately was only able to create the basic electrical component and the full mechanical 
design for the prosthetic. Though I have not yet assembled the actual device, I have all of the 
electrical components necessary to complete the prosthetic and am waiting to pick up the printed 
pieces to complete the design. Though it is unfortunate that I was unable to complete this project 
how I initially anticipated, the limited resources I had allowed me to focus more on the 
mechanical components of the prosthesis in creating a prosthetic hand that not only moves when 
the user's hand moves, but moves in the same way. Due to the time I had to devote to this 
project, I was able to mimic the biological structure of human bones and muscle movements in 
the design. In other words, rather than making the prosthetic function as a machine, I made it 
function as a hand.  

Overall, I am proud of what I created. I learned how to use another computer modeling 
software along with how to use several different types of printers. Moreover, I added to my once 
limited coding knowledge and learned out to properly code a servo with a potentiometer. This 
happened in only five incomplete months. Throughout the next four years of my life, along with 
those that follow, I will continue to build my knowledge of prosthetics and, mark my words, 
create a machine that is indistinguishable from a human limb. 
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