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Abstract:  

Cerebral palsy patients currently face a significant treatment gap, which in part has to do with the 
high cost of traditional treatment methods. Research has shown that cerebral palsy affects 1 in 323 
children in the United States (CDC, 2018), 42% of which aren’t receiving the care that they need. The 
medical expenses needed for children with cerebral palsy are 16 times higher than other children, which 
could account for this high percentage. The summer research team aims to look into and develop low-cost 
technology alternatives that could supplement these children’s physical therapy from home. Building 
upon existing work on controllable gloves with fabric actuators, my peer researchers and I looked into 
efficient design changes that accomplish our goal (Polygerinos, 2013). 

Based on a review of research papers, existing strategies for glove position control (Yap, 
Kamaldin, Kim, Nasrallah, Goh, Yeow, 2015), were paired with sensors that could be integrated into a 
low-cost version. Two different sensor types were chosen to be evaluated for their feasibility for our 
project: a commercially available glove controller based on a conductive-ink bend sensor, and a novel 
conductive textile. Analysis of the data demonstrated that the glove controller sensors worked well, better 
than the conductive textiles, as expected. The results indicate that the glove sensors worked best when 
bending them along a radius rather than at a joint since the signal is strongest when the sensors are bent 
consistently along the length rather than at a single point. Further research is needed to characterize the 
accuracy of the sensors, but they are ready to be integrated and tested with the other control aspects. 

 
 Introduction: 

Cerebral palsy (CP) is the most common physical disability among children, with spastic cerebral 
palsy being the most common, making up 70 to 80 percent of diagnoses (Abbate, 2019). Spastic CP 
causes stiffness and jerky movement since it affects the neural impulses that tell muscles to relax. Two 
common symptoms include dystonia (random, repetitive muscle contractions) and joint contracture 
(muscle, tendon, and ligament shortening) (CDC 2018). Treatment for spastic CP usually includes daily 
range of motion (ROM) exercises and braces to maintain joint flexibility, though it is difficult to find 
appropriate braces for the fingers. As a result, physical therapists often just move the fingers of their 
spastic CP clients through the range of motion manually themselves. Although physical therapy 
appointments help to maintain joint flexibility, they alone are often not enough, and the braces that do 
support the fingers well are often expensive and inaccessible. Therefore, our focus is to develop a safe, 
low-cost, effective way to manually move the fingers of a child with CP through their necessary range of 
motion (Caring For Special Needs Kids, 2017). 
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Figure 1: This figure shows the action that is trying to be achieved, open and closing the fist. This glove work was done by 
graduate students at Harvard SEAS working to achieve these motions (Cappello, Leonardo, et al., 2018).  

 
During last summer's research period, a team worked on the PT4CP project in Olin College's 

Laboratory for Adaptation, Inclusion, and Robotics (LAIR) to focus on designing a physical therapy 
device for the hands (Jeff Dusek, 2020). They chose to base their design off of soft robotics and worked 
on developing silicone-based flexible pneumatic actuators, conducting a series of tests to learn more about 
their design and corresponding movement (Iqbal, Tsagarakis, Fiorilla, Caldwell, 2010). Work done over 
the summer of 2019 progressed the learning for how actuators work in order to achieve the movement 
they wanted for a single finger, and the work was resumed for the summer of 2020, attempting to progress 
to a full hand. This year, it was agreed upon by the team to divide the research summer work into three 
categories: sense, think, and act. Each member tackled one of these topics necessary for working with an 
electric-mechanical system.  

Research into sensing has to be done in order to find the most accurate and beneficial way for 
programming the finger position. We will use a sensor to monitor the finger position and deformation in 
order to provide feedback to a control system, or “think,” for the pump to work with the “act” aspect, 
which will pressurize actuators to cause bending or straightening to lead its movement.  

Since we want our project to be simple, cost-effective, and replicable, the SparkFun Flex Sensor 
Glove Controller is a simple and organized way for incorporating flex sensors into a glove design. Using 
this SparkFun Glove Controller, the task of incorporating additional flex sensors and electronics are 
reduced and simplified since it is organized neatly, which also makes it more convenient to incorporate 
onto the glove since it is made to be sewn onto (Polygerinos, Panagiotis, et al., 2015). It is also designed 
so that the PCB of the Glove Controller supports the deflection of the sensors, minimizing the risk of 
breaking or malfunctioning while also improving consistency. 
 
Methods: 

According to the documentation, the flex sensor data should produce a logarithmic relationship 
between deflection and output voltage. Tests were conducted to validate this relationship and learn more 
about the potential applications of these flex glove controllers (SparkFun, 2020). Deflection angles were 
preselected for testing the output voltage at every fifteen degrees, and I repeated this process four times, 
twice per finger. I tried to be as gentle as possible while holding its position in place and also gently 
moving it through its range of motion from its flat position to the tested angle multiple times before 
slowly releasing it and documenting the data results (See Figure 2). 

          
Figure 2a & 2b: Figure 2 shows images of the testing procedure. Figure 2a (left) shows the flex sensor being shaped to each arc 
radius in increments of 1cm and Figure 2b (right) shows the flex sensor being bent in the middle to every 15 degrees.  
 

The Flex Sensors were tested in two ways: Bent along a middle joint created using a small Lego 
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structure and curved along concentric circles, incrementally decreasing by 1cm in radius. I began testing 
for the joint at the PCB, and after conducting tests twice on each finger, the results confirmed a 
logarithmic relationship. Though the results were as expected from the documentation, deflection at the 
PCB is not ideal since the flex sensor is most prone to breaking at that location.  

Next, testing was done at the middle joint and for bending along a radius. It is important to note 
that the Sparkfun Glove Controller comes with two sensors, so the legend is labeling one as the sensor on 
the right and two as the sensor on the left. The letters represent the trial number so onea would indicate 
the first trial right sensor. In addition, since the sensors are side by side, one sensor will always be 
touching the paper and the other one won’t [See Figure 2a]. In this case, the left side is touching the 
paper, which is visualized in the data since it was more accurately tested and hence had more consistent 
results, unlike the right side. The data is shown in the results section, with the right figures being the 
averages of the data. 

The second sensor type tested was Eeontex conductive textiles, where its properties and possible 
applications were evaluated for a circuit design. These textiles are promising since they could potentially 
be used in place of the glove controller, contributing to a completely soft glove. The goal was a soft textile 
that would respond to bending. Various tests were conducted to better understand the material’s electrical 
response, how accurate it is, and its potential applications. 

The primary textile geometry measured 1x6 inches and a resistor value of 100 ohms was selected 
for a voltage divider since it was the closest value to the tile resistivity. After designing a voltage divider 
circuit onto the breadboard to create a testable variable resistor, it was observed that the data was 
fluctuating a lot and wasn't stabilizing. This made it difficult to collect reliable data, but during 
experimentation the mass was held in place as long as needed for some consistency and the values were 
approximated.  

The first experiment for the conductive textile was deflection versus voltage change, just as was 
done previously with the flex glove controller. This test was repeated three times and no apparent 
relationship was found. It makes sense that the values should have gone down due to increased resistance 
as bend increased, but the data was fluctuating too much and might not have been able to detect the 
negligible change in voltage as bend increased.  

The second experiment focused on the effects of torsion on the textile resistance. The quantity of 
angles tested was minimized to try to increase the accuracy and reliability of the data, and also twist the 
material far enough to detect larger changes in resistance. The results from the three trials did seem to 
have a more similar trend between them, though the data was still unreliable to use. 

After the first two experiments did not work, other properties of the conductive textile were               
explored, including squeeze and pressure, searching for any relationship between linear strain and             
resistance. It is important to note that this fabric was not too stretchy. The data was collected over three                   
trials, and there finally seemed to be a trend in the data so this test was deemed successful. The data                    
showed a decrease in resistivity in response to linear strain. I learned that the strain textile tests gave the                   
most promising results. The previous tests probably did not work due to the much smaller changes in                 
resistance than the textile was intended for, but this is why its different properties were explored, we were                  
trying to see if the textile could be integrated into the soft robotic glove in a different way than originally                    
intended. 

Though this test seemed to show a trend, it was noticed that the data samples were inconsistent                 
and fluctuated heavily. The next course of action was to test different textile geometries, one with the                 
same width and half the length, and one with the same length but half the width. 
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Figure 3: Figure 3 shows images of the conductive textile testing procedure. Figure 3a & 3c (top left, bottom left) shows a close                       
up of the testing components and attachments. Figure 3b & 3d (top right, bottom right) show the complete testing set up, with a                       
key difference to note being the upgrade in container size from 1 cup to a 5+ cup container as more mass was needed. 
 
Results and discussion: 

 

 
Figure 7a & 7b: Figure 7 shows the results from the flex sensor tests about the middle joint. Looking at Figure 7a (left), there 
seems to be a negative logarithmic relationship which is validated by the documentation and Figure 7b (right) shows the average 
of the results.  
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Figure 8a & 8b: Figure 8 shows the results from the flex sensor tests along a radius. Looking at Figure 8a (left), we can see that 
there seems to be a logarithmic relationship, clearly centered around different outputs by finger, and Figure 8b (right) shows the 
average of the results, one per finger, and one overall.  
 

After the testing was done, MATLAB’s Curve-Fitting tool was applied to the average of the Arc 
Tests since this data is the most applicable for glove programming. According to the fitting tool, the most 
accurate fit was an exponential relationship for the curve with two terms:  Equation = 
916.2*exp(0.0001457*x) + (-1220)*exp(-0.994*x). Now that we have an equation to work with, we can 
now use it to program the “think” aspect of the project and tests can be conducted for accuracy. 

After analyzing the preliminary testing data and looking back at the documentation, It was noted 
that the load might be too small to sense a large enough change, and since the tear force of the conductive 
textiles is 12 Newtons, I increased the mass I was using, up from one cup of water max, to a container that 
would hold five cups of water, and Newton’s Second Law was used to calculate the load (F=ma). The 
output is more accurately measured this way and the maximum load of the textiles is optimized.  

Below, test results are shown for each size conductive textile along with the trials. Averages were 
taken of each data set and are shown at the right of each data collection of value.

  
Figure 4a & 4b: Figure 4 shows the results from the conductive textile strain tests. Looking at Figure 4a (left), we can see that 
there does not seem to be a relationship with the 1”x 6” textile, and Figure 4b (right) shows the average of the results, creating a 
parabolic curve that does not accurately summarize the data. 
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Figure 5a & 5b: Figure 5 shows the results from the conductive textile strain tests, similar to the above but with dimensions 
altered to be half of the width. Looking at Figure 5a (left), we can see that there seems to be a downward trend with one trial 
being an outlier, and Figure 5b (right) shows the average of the results, following the outlier data.  
 

  
Figure 6a & 6b: Figure 6 shows the results from the conductive textile strain tests, similar to the above but with dimensions 
altered to be half of the length. Looking at Figure 6a (left), we can see a smoother downward trend across the board and an 
outlier, and Figure 6b (right) shows the average of the results, following the downward trend.  
 

Overall, the data is fairly inaccurate but you can notice some trends in the data. It also seems fair 
to conclude that the conductive textile worked best and most consistent in the last test, when the 
measurements were (0.5” X 3”). This makes sense because the width was small enough for the alligator 
clips to cover entirely, and the length worked well for the load that was being applied in terms of tension. 
 
Conclusion:  

This study provides insight on the feasibility of the SparkFun and Eeontex Conductive Textile 
sensor types onto a soft robotic glove for supplemental therapy purposes. After testing and researching 
during the summer 2020 research period I have concluded that the Glove Controller Flex Sensors from 
Sparkfun are the most promising bend angle sensor, since its results were as expected and consistent. As 
they are accurate and conveniently made for gloves, they will be the focus of sensing for the fall. As for 
the Conductive Textiles, they do not have much use for this project so we will move on from 
experimenting with them and proceed with the Glove Controllers from SparkFun. Moreover, future 
research will involve integrating the SparkFun sensors and the lab-designed actuators into a functioning 
glove, but there is still some design work to be done. The glove will be designed to integrate all of the 
components, including the sensors and actuators, in the most efficient and safe manner, which will be the 
focus of the Fall 2020 semester. Some other potential next steps I can work on will be prototyping 
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different gloves to incorporate the subsystems onto and further researching how to straighten and support 
the wrist. In summary, this research paper provides information on the SparkFun sensor types 
documented above, which will advance knowledge on existing gloves and progress this technology. 
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