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Abstract 
The objective of this study was to 

gain insight into the accuracy and sensitivity 
of the sEMG device assembled by our 
group, Little Seizures, with the goal of 
determining the device’s ability to detect 
sEMG signals indicative of seizures 
depending upon variables including body 
temperature, movement, muscle activity, and 
rest. “Electromyography (EMG) refers to the 
collective electric signal from muscles, 
which is controlled by the nervous system 
and produced during muscle contraction.” 
Surface Electromyography (sEMG) uses 
non-invasive electrodes placed on the skin. 
(Chowdhury, et. al, 2013). The decision to 
do each of the 10 tests was based on a 
quantified decision matrix based on signal 
accuracy, reproducibility, representation of a 
real febrile seizure, and feasibility of testing. 
The tests were: running on a treadmill at 6 
mph, simulated running with the arms, 
supine rest, rest after heating the bicep, 5 lb 
bicep curl after heating the bicep, unilateral 
sustained maximum contraction of the bicep 
in the supine position, bicep curls of a 5 lb 
weight with the nondominant arm (with the 
device placed on the dominant arm), and 
bicep curls of 5, 8, and 10 lb weights. These 
trials were designed to provide insight into 
the relationships between the 
aforementioned variables and the sEMG 
signal acquired by our device. We found 
inconclusive evidence about whether or not 
heat affects the RMS of the sEMG data. The 
model, which designed to amplify and 
standardize the signals based on the amount 
of fat on the bicep, caused a greater variance 
of the RMS values when compared to those 
of the raw data. 

Further testing of this device would 
have the goal of refining procedures and 
models to standardize the sEMG signal 
based on variables like body fat, body heat, 
and amount of time the device is worn. 

Introduction  
Febrile seizures are defined as 

“seizures associated with fever in the 
absence of central nervous system infection 
or acute electrolyte imbalance in a young 
child” (Sadleir, 2007, p. 207) with a fever 
defined as having a core body temperature 
of 38°C or greater (Lee, 2016, p. 74). 
Febrile seizures are the most common type 
of convulsions in infants and young children 
and occur in 2-5% of American children 
before age 5 (Graves, Oehler, & Tingle, 
2012). Children that experience a febrile 
seizure have a 2-5% risk of later developing 
epilepsy – double that of the general 
population (Lee, 2016, p. 77). There is 
therefore an unmet need for early detection 
of epilepsy in children aged 12-24 months 
for which generalized, tonic-clonic febrile 
seizures are an indicator of increased risk.  

Currently, on the market there are 
several different devices for the detection of 
febrile seizures, but studies have shown that 
devices that combined motion detection with 
a change in physiological parameters are 
more equipped to detect febrile seizures than 
devices using one factor. From the start, our 
group knew that we did not want to design a 
EEG device because of the discomfort of the 
electrodes, whether intrusive or not. 
Reported results of non-EEG based 
detection devices vary between 2.2% and 
100% sensitivity, so we needed to decide 
upon a device design that would minimize 
false positives and maximize true positives. 
Studies have shown that EMG devices can 
reach high specificity in seizure detection, 
but have yet to be implemented for 
commercial use (Jory et al., 2016). A 2018 
study published in Neurology found that a 
portable EMG device was able to detect 
93.8% of seizures (Beniczky, 2018, p. 4). 
Additional studies consisting of seizure 
detection through data from sEMGs present 
as encouraging results with detection rates 
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above 90% (Szabó et al., 2015) (Cavazos et 
al., 2015).  Due to these studies, our group 
decided on our device design, the OMG 
sEMG device, over two other proposed 
devices: one invasive and one combining 
acceleration, heart rate, and temperature. 
OMG sEMG serves to provide detection of 
tonic-clonic febrile seizures in children aged 
12-24 months through measurements of 
axillary temperature and muscle activity 
with a sEMG. 

After deciding upon our device, in 
phase II, we developed a model to create an 
accurate parameter in the algorithm for the 
detection of febrile seizures, accounting for 
variations in adipose tissue thickness that 
affect the amplitude of sEMG signals. This 
part of the phase helped to show that our 
algorithm is capable of detecting fabricated 
febrile seizures while also establishing 
scaling modifications to the sEMG signal 
based on the way fat affects the electrical 
signal. In phase III, our group performed a 
series of tests, lifting 5,8, and 10 pound 
weights to demonstrate the accuracy and 
reliability of our signal.  

The goal of phase IV was to answer 
two separate questions. First, is the model 
we created in phase II based off of 
amplitude and fat correct, and second, can 
our device recognize the difference between 
normal muscle movement and seizures? 

To test the first question, we scaled 
the amplitude of 5 lb curl test sEMG signals, 
based off of the equation we developed in 
phase II and measured individualized 
skinfolds. The purpose behind scaling 
amplitude based off of fat was to further 
limit the factors affecting sEMG signals 
allowing for better detection of febrile 
seizures. After scaling the amplitude, we 
planned to compare it to the unscaled signal 
where we expected the amplitude to increase 
but the mean variance to decrease due to the 
concept of standardization behind the model. 

To test the second question, we 
performed a series of tests that we believed 
to simulate seizure-like conditions,  since we 
were unable to clinically replicate a seizure 
perfectly , including, running on a treadmill, 
supine position, heating up our bicep, 
curling with 5, 8, and 10 lbs., and opposite 
unilateral seizure. We decided to compare 
similar movements and analyze them 
through U-tests to see if our device could 
detect slight changes in signal in order to 
show that it is sensitive enough to 
distinguish seizure behavior from 
non-seizure behavior. The experimental 
design addressed the following null 
hypotheses: 

 There is no statistically significant 
difference (p-value >.05) between 
the root mean square for test cases 
involving (1) running 6.0 mph on a 
treadmill vs. arm movement, (2) 
supine position at rest vs. our bicep 
heated at rest, (3) heating up our 
bicep for 5 minutes and curling 5 lb. 
vs. an unheated 5 lb curl, (4) supine 
position at rest vs. supine position 
with a sustained contraction, (5) 
curling on our non-dominant arm vs. 
curling on our dominant arm, and 
(6) lifting 5 lb, 8 lb, and 10 lb 
weights with the bicep for 5 different 
reps (U- tests ran for 5 vs. 8, 8 vs. 
10, and 5 vs. 8).  

If our data rejects the nulls, then the 
alternative hypothesis will be accepted. Our 
group expects to reject the null hypothesis 
for tests 2, 4, 5, and 6 while failing to reject 
the null hypothesis for tests 1 and 3. 
 
Materials and Methods 
 

To determine the seizure-detecting 
ability of our device we had to find evidence 
to support our device being able to 
differentiate between different signals using 
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the Adafruit’s Myoware Muscle Sensor in 
conjunction with the Circuit Playground 
Express (CPE)  microcontroller and skin 
compatible sEMG electrodes (type H124SG 
Covidien). Three wires were soldered to the 
+,-, and RAW pins of the Myoware and 
attached to the CPE with alligator clips at 
the 3.3V, GND, and A0 pins, respectively. 

The CPE was powered by a laptop via the 
onboard micro-USB connection, and data 
was also transferred through the USB cable. 
The CPE was loaded with the pre-set 
Arduino program “AnalogReadSerial” 
(Hartman, np) and connected to the data 
logging program CoolTerm. Figure 1 
(below) shows the set-up of our device. 

 

Figure 1. 
The set-up of our Myoware Muscle Sensor and Circuit Playground Express. Colored lines represent wires. 

 

In phase two of the project, we 
developed a mathematical model that 
allowed us to predict the approximate signal 
amplitude decrease due to the amount of fat 
on the bicep between the muscle and the 
electrodes, as can be seen in Figure 2. This 
mathematical model was largely based on 
research done at the Rehabilitation Institute 
of Chicago that put forth a relationship 
between subcutaneous fat thickness and 
sEMG signal amplitude compression 
(Kuiken, et. al, 2003). From this data, we 
created a model for the remaining amplitude 

percent based on fat thickness at the bicep. 
In this study, we needed to test our 
mathematical model to see if the relationship 
we predicted holds true. The model 
indicated that an increase in fat would cause 
a predictable decrease in amplitude. To test 
our model, we used skin callipers to 
determine the fat thickness by pinching the 
skin above the dominant bicep at mid bicep 
and pulling it up so that we could then used 
a skin calliper to measure the skin fold (in 
cm) to the second decimal place. The 
skinfold measurement was then adjusted by 
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subtracting 2 mm which is the average 
thickness of the skin itself to determine the 
fat thickness on our biceps (Olutekunbi, 
2018). We applied the model to the data 
acquired from the test data of 5 lb curl on 
the dominant arm. See Figure 3 for a visual 

representation of this experimental design. 
In analyzing this data, a box and whisker 
plot helped to determine the variance and if 
our model holds true as is described later in 
this paper.  

 

Figure 2. 

The relationship between mm of fat and the percent amplitude remaining which can be used to standardized 
sEMG data based on the amount of fat present. The data points were taken from a 2003 study (Kuiken et 
al., 2003). 

 
Figure 3. 
A flow chart demonstrating the over-all experiment to test our fat model. 
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The consistency of the electrode placement 
is important to ensure that the device is 
measuring action potentials from the same 
motor units of the bicep muscle. The device 
was placed parallel to and midway up the 
bicep with the RAW signal oriented up and 
the ground electrode to the outside of the 
bicep as literature has found this as the best 
placement (Rainoldi, 37).  

After the device was properly set up, 
a series of trials of different exercises and 
febrile-like seizure conditions were tested. 
See Figure 4 (below) to see the general 
experimental design. Each exercise was 
completed twice with a minute break in 
between to allow the muscle time to rest, 
because fatigue affects the signal by causing 
a decrease in amplitude (Dimitrova, 13-36). 

 
Figure 4. 
A flow chart demonstrating the over-all experimental design in order to mimic seizure-like test conditions. 
 

These exercises were paired into 
control and experimental as to represent 
different febrile seizure conditions. See 
Table 1 to find a summary of all tests ran 
and expected results. The first test group 
was running on a treadmill at 6 mph 
compared to being stationary while only 
swinging your arms to mimic the arm 
movement in running. The purpose of this 
test was to compare full body muscle 
activity experienced in running with isolated 
movement of just the arms to determine if 
our sensor can tell a difference between the 
two signals. The expected outcome of this 
test is that the signals should be the same 
because other body movement should not 
affect the signal coming from the muscle 
activity on the bicep.  

The next test group was supine 
(lying down position) rest compared to rest 
with heated skin. This test was done to 
mimic the conditions of a febrile seizure 
because a child will be experiencing a fever, 
so it is imperative to determine if heat has an 
effect on the signal. To mimic this particular 
seizure condition, a heating pad was used for 
two minutes to heat the skin. The expected 
outcome was that the heat should not affect 
the signal, so the signals should be the same 
in that the RMS should be near zero for both 
as the person is at rest. 

To test the fever condition while 
there is muscle contraction we also 
compared curling a 5 lb weight with and 
without heating the skin. The expected 
results for such a comparison is that heat, 
again will not affect the signal.  
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 Another test group was supine rest 
compared to supine sustained bicep 
contraction for 15 seconds. This test was 
done to mimic the tonic phase of a febrile 
seizure which is characterized by sustained 
muscle contraction (Conradson et al., 2011). 
The expected outcome of this test was that 
the signals should be different, indicating 
our device is capable of detecting a seizure 
state and a resting state.  

We additionally compared curling 
5lb with the dominant arm having the sEMG 
sensor on that same arm against curling 5 lb 
to the non dominant arm havingthe sensor 
still on the dominant arm to determine if our 
device would be able to detect a unilateral 
seizure occurring on the opposite of the 

body as the device is placed. The expected 
outcome of this test was that the signals 
should be different because an EMG sensor 
placed on a specific muscle should not be 
affected by another muscle. 

A final set of tests was a comparison 
of curls of different weights (5, 8, and 10 lb) 
to revalidate our data from the previous 
phase. In the previous phase, there was an 
unexplained lack of a proportional 
relationship between the mass of a weight 
and the acquired mean zero crossing count 
in the curling exercise. So in this phase, we 
tested it to see if we could obtain more 
consistent results after taking measures to 
ensure better accuracy in measurement like 
not re-using old electrodes. 

Table 1: Summary of trials and expected outcomes 

Control Independent Duration Trials  Expected 
outcome 
(U-test, 
p-value) 

Expected 
outcome: 
RMS data 
similar or 
different 

Running 
(6 mph) 

Mimicked running w/ 
arms only 

15 seconds 2 ⍺ > .05 Similar 

Supine rest Supine rest w/ heat 15 seconds 2 ⍺ > .05 Similar 

5 lb curl on dominant 
arm 

5 lb curl on dominant 
arm with heat 

15 seconds 2 ⍺ > .05 Similar 

Supine rest Supine w/ sustained 
contraction 

15 seconds 2 ⍺ < .05 Different 

5 lb curl on dominant 
arm 

5 lb curl on 
non-dominant arm w/ 
EMG on dominant arm 

5 curls 2 ⍺ < .05 Different 

5 lb curl on dominant 
arm 

8 lb curl on dominant 
arm 

5 curls 2 ⍺ < .05 Different 

8 lb curl on dominant 
arm 

10 lb curl on dominant 
arm 

5 curls 2 ⍺ < .05 Different 

5 lb curl on dominant 
arm 

10 lb curl on dominant 
arm 

5 curls 2 ⍺ < .05 Different 
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In order to be able to analyze our 
signals, the group first needed to understand 
aspects of the Myoware EMG sensor 
including determining the gain on the device 
and the units of the output. The gain on the 
device was calculated by running a known 
constant voltage through the device. To 
determine the output of the signal in volts, 
we performed a series of operations in 
MATLAB which are described in the 
equations below which converted the analog 
to digital converter (ADC) values to volts 
that includes multiplying by the reference 
voltage of 3.3 and divides by the resolutions 
of the ADC of 1023. The signal was then 
divided by 23 to account for the gain.  

Equation to convert:  
EMG signal=emg 

signal(reference voltage/ADC 
resolution)=emg signal(3.3/1023) 
Equation to adjust the signal to 

account for gain: 
EMG signal (microvolts) = 

ADC value/23 
 
We calculated the root mean square 

(RMS) for each trial. A root mean square is 
the square root of the mean of the values 
(Weisstein, 2018). This metric essentially 
allowed us to determine the average of the 
amplitude of our signal. The RMS can be 
calculated using the equation below.  

 
Due to our inability to test subjects 

outside of our group, our sample size was 8. 
The relatively small sample size and lack of 
parametric assumptions led us to use a 
Mann-Whitney U-test, a statistical 

hypothesis test in which the test statistic 
under the null hypothesis. A U-test 
compares the P-value to a selected alpha 
value in order to reject or be unable to reject 
our null hypothesis (p > ⍺), in our case, we 
selected to use an alpha value to be 0.05, 
allowing us to be 95% confident that our 
analysis is correct (Korak, 6). The U-test 
was used to compare the difference of the 
average RMS values from sEMG signals. 
The purpose of the tests is to provide 
evidence that supports the validity of our 
sEMG signal and that our device is capable 
of properly functioning under febrile seizure 
conditions. This is being accomplished by 
investigating our device’s ability to read 
sEMG signals coming from only bicep 
muscle activity, to differentiate different 
activities, and how heat affects this. 

In our experiment the null hypothesis 
was that the difference between the RMS of 
the two sets was zero, meaning that the data 
was similar. If after running the experiment 
and performing the U-test, we get a p-value 
of less than 0.05, we can reject our null 
hypothesis indicating that the signals 
acquired were significantly different. 
Whereas if we get a p-value of greater than 
0.05, we are not able to reject the null 
hypothesis, giving us evidence to support 
the hypothesis that the signals acquired were 
significantly similar.  

Overall, the tests done in this phase 
were strategically chosen to represent 
conditions of a febrile seizure since we 
cannot actually test our device in real febrile 
conditions to determine if our device is 
sensitive enough to detect different signals. 
The device’s ability to detect different types 
of signals allows us to further support or 
deny our device’s ability to actually be able 
to detect a febrile seizure.  
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Results 
In this phase, the analysis of the 

collected data was crucial in determining the 
reliability and validity of our device. We 
performed several tests on our group 
members to find the differences of sEMG 
signals related to seizure activity and to 
determine if our device can accurately detect 
febrile seizures. With the data that we 
gathered, we plotted each individual’s 
sEMG signals in order to compare and 
contrast them with each other. The goal of 
our testing was to evaluate sEMG signal 
differences in activities that simulated 
different patterns. 

By using the data collected in this 
phase, we were able to evaluate our model 
from phase II. This model showed the 
relationship between arm fat content and 
sEMG amplitude. The data acquired from 
the test data of 5 lb curl on the dominant arm 
was input into the fat model according to 
each individual’s specific skinfold 
measurement in order to evaluate our 
prediction that an increase of fat decreases 
the amplitude of the EMG signal and then to 
accurately standardize our data based on this 
assumption. Table 2 lays out the steps taken 
in order to find the amplitude remaining for 
each person to apply to our algorithm in 
MATLAB. After finding the percent 
amplitude remaining we added one line of 
code to our algorithm: emg = emg * (1/x), 
where x was the input of percent amplitude 
remaining.  

 
Figure 4.  
Box and whisker plot showing difference in 
EMG amplitudes before (orange) and after 
(blue) the data was inputted into the fat 
model.  
 
 In Figure 4, above, there are two 

box-and-whisker plots that illustrate the 
RMS data before and after we inputted our 
data into our fat model. The orange 
represents the distribution of RMS values 
before the fat model and the blue represents 
the values modified by the fat model. As 
shown in the chart, the median value of the 
orange box-and-whisker is smaller than the 
blue one; while this result was expected, this 
chart shows a very critical unexpected 
result. The blue plot has a much larger 
spread, indicating that the variance of the 
RMS signals post fat-processing increased. 
We further quantified this result by 
calculating the variances of pre- and post-fat 
standardization RMS values in Excel. We 
found the RMS variance of the original 5 lb 
curl to be  1.1 × 10⁻⁸  V while the RMS 
variance after applying our fat model was 
4.8 × 10⁻⁷ V. Unfortunately, this confirmed 
that the variance of the RMS values after the 
application of our fat model increased, 
which means that our mathematical model 
failed to standardize our data, and in fact 
made it even more variable, even creating 
outliers as can be seen in the two blue dots 
in Figure 4. As seen in Table 2, in 
descending order of fat measurement on the 
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bicep, the more fat there is, the lower the 
amplitude percent remaining of the 
individual’s sEMG signals.  
 

Names  Skinfold 
Measurement on 
Dominant Bicep 

(cm)  

Measurement 
(mm)  

Amount of fat 
(mm)  

Amplitude % 

Janet  1.565 15.65 13.65 0.1075 

Brady 1 10 8 0.39 

Hannah 1.05 10.5 8.5 0.365 

Anna 0.75 7.5 5.5 0.515 

Sam 0.46 4.6 2.6 0.66 

Jared 0.4 4 2 0.69 

Lindsey 0.8 8 6 0.49 

Michael 0.5 5 3 0.64 

Table 2 
The skinfold measurement of each person. Using the skinfold measurements of each person, the fat 
measurements were obtained based on the equation (Fat = Skinfold Measurement - 2mm) , and then such 
results were used to determine how much percent of each individual’s EMG amplitudes are actually being 
collected by our device through the equation demonstrated in Figure 2.  
 

RMS U-test P-value n 
Control and Variable Signal (similar or 

different)  

Run v. fake run .007 7 different 

Supine Rest v. Rest w/ Heat 0.0262 7 different 

5 lb. Weight Curling w/ Heat v. 5 lb. 
Weight Curling w/o Heat 1 7 similar 

Supine Rest v. Supine Sustained 
Contraction 0.0111 7 different 

Curling v. Non Dominant Arm Curling 0.007 7 different 

5 lb. Weight Curling v. 8 lb. Weight 
Curling 0.3829  7 similar 

8 lb. Weight Curling v. 10 lb. Weight 
Curling  0.5350 7 similar 

5 lb. Weight Curling v. 10 lb. Weight 
Curling  0.3176 7 similar 
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Table 3.  U-test was performed for the all the performed activities in our experiment.  

 
The analysis of the data with our fat 

model is a crucial piece of phase IV. 
Because of the individualistic characteristics 
of sEMG signals, it is important that we are 
able to accurately account for fat for each 
individual in order to accurately detect 
febrile seizures with our device. 

Aside from the fat model, another 
essential reason why we performed several 
activities and collected a variety of data was 
to verify that the EMG signals detected by 
our device are indeed unique from each 
other and different. We proceeded to 
perform a U-test for our data as seen Table 3 
(above). This test is appropriate for 
comparing differences in our data because 
we have an n = 7. One of our tested subjects 
from the original 8 had a corrupted response 
possibly due to improper electrode 
placement; this resulted in the n = 7. The 
results of these tests provide gainful insight 
into the legitimacy and abilities of the 
sEMG signal that our device reads.  

The activities that produced p-values 
greater than 0.05 were the 5 lb. weight 

curling v. 8 lb weight curling, 8 lb. weight 
curling v. 10 lb. weight curling, and 5 lb. 
weight curling v. 10 lb. weight curling. 
Therefore, we fail to reject our null 
hypothesis for these specific tests. After 
comparing the similarity or difference of 
signals in Table 3 to the expected outcome 
of RMS values from Table 1, it is apparent 
that the expected outcomes were not all met 
when we inputted our data into a U-Test. In 
our previous phase, there was a lack in the 
relationship between the load curled and the 
acquired mean zero crossing count. Through 
these further developed testing and the 
U-Test, we are unable to show that the mass 
of the weight has an effect on the sEMG 
signal that is detectable by our device.  

One of our theories that we wanted 
to experiment on through the U-tests was 
that if our device can distinguish the 
changes in EMG signals for the multiple 
tests, it can also identify the abnormalities in 
the EMG signals when a febrile seizure 
occurs. All of the comparisons of the tests 
ran are shown in Figure 4, a-e. 

.  
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Figure 5. 
(a)Plot of each subjects average RMS of sEMG signal values in volts for running and simulated running. 

(b) Plot of each subjects average RMS   of sEMG signal values in volts for 5 lb curls with the dominant arm and 5 lb 
curls with the non-dominant arm. (c)  Plot of each subject’s average RMS  of sEMG signal values in volts for rest and 
rest with applied heat. (d) Plot of each subjects average RMS of sEMG signal values in volts for 5 lb curls and 5 lb 
curls with applied heat. (e) Plot of each subjects average RMS of sEMG signal values in volts for rest in the supine 
position and continual contraction in the supine position 
 

First, we compared the sEMG data 
results between running and simulated 
running arm movement, Figure 5-a. For this 
test, we expect that there should not be a 
significant difference in the sEMG signal 
between the two datasets because bicep 
muscle activity is expected to be 
independent of movements from different 
body parts, thus differing sEMG signals 
would be evidence for the source of the 
signal the device reads not stemming solely 
from the bicep muscle activity. The null 
hypothesis for this test is that there is no 
significant difference in the average RMS 
values for biceps muscle activity during 
running and during simulated running arm 

movement. The Mann-Whitney U test 
results in the p-values of 0.0070, rejecting 
the null hypothesis. This is evidence against 
our device being able to isolate the bicep 
muscle activity from other body movements. 
This is also indicative of our device being 
unable to properly read sEMG signals under 
febrile seizure conditions, because the 
summation of bicep muscle activity signal 
and signals from other activities involved 
with sleeping or seizures co uld increase the 
number of zero crossings above the 
threshold and result in false positives.  

Second,  we conducted statistical 
analysis of two separate comparison tests 
involving heat. Elevated temperatures are 
present during a febrile seizure, thus our 
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device must be able to detect sEMG signals 
at elevated temperatures in order for the 
device to be capable of detecting sEMG 
signals under febrile seizure conditions. The 
first test, seen with Figure 5-c is the 
comparison of average RMS values of 
sEMG signal at rest with and without 
applied heat. The second test, found in 
figure 5-d, is the comparison of average 
RMS values of sEMG signals for 5 lb curls 
and 5 lb curls with applied heat. The 
Mann-Whitney U test for the first heat test 
results in the p-values of 0.0262, rejecting 
the null hypothesis that there is no 
significant difference in the average RMS 
values for sEMG signals at rest and at rest 
with applied heat.  This test shows evidence 
that our device’s ability to read sEMG signal 
is affected by heat of the body.  

The U-test for the second heat test 
results in the p-value of 1, failing to reject 
the null hypothesis that there is no 
significant difference in the average RMS 
values for sEMG signals for 5 lb curls and 5 
lb curls with applied heat.  This test is 
evidence for the device’s ability to read 
sEMG signal is not affected by heat of the 
body.  The expected outcome for the two 
seperate comparison tests involving heat 
was to fail to reject the null hypothesis 
because heat having an effect is support 
against the claim that our device is able to 
perform under febrile seizure conditions.  

Second, we  tested 5 lb weighted 
curls of solely the dominant arm compared 
to 5 lb weighted curls of solely the non 
dominant arm, shown in Figure 5-b. For this 
test, the arm not participating in the curling 
remained at rest and the electrodes remained 
on the dominant arm for both tests. The null 
hypothesis for this test is there is no 
significant difference in the average RMS 
values for curls with the dominant and 
non-dominant arm when the electrodes 
remain on the dominant arm. The U-test 

results in the p-values of 0.0070, rejecting 
the null hypothesis.  The expectation for this 
test was to reject the null hypothesis because 
curling 5 lbs with the dominant arm and 
curling 5 lbs with the non-dominant arm 
having no significant difference is evidence 
for the sEMG signal not solely being a 
product of the dominant bicep muscle 
activity that the electrodes are placed on. 
This test supports the assertion that our 
device can detect sEMG signals from only 
the correct bicep muscle activity.  

Fourth, we completed a test to show 
that our device can distinguish differences in 
sEMG signal under febrile conditions 
through further seizure imitation including 
position and activity.  The test consists of 
the comparison of rest in the supine position 
and continual flexion in the supine position, 
Figure 5-e. Our device’s design includes that 
it is to be worn at night because this is when 
the majority of febrile seizures occur 
(Manfredini, 2004, p. 838). During the 
night, children are lying down in the supine 
position. Therefore, the device must be able 
to read sEMG signals in the supine position 
for it to function properly under febrile 
seizure conditions. Additionally, another 
component of our device is that detection of 
febrile seizures occurs with the tonic phase, 
which consists of stiffening and constant 
flexion of the muscles. Continual 
contraction is the activity our subjects are 
able to perform that most closely resembles 
the tonic phase of a seizure (Conradson et 
al., 2011). The U-test results in the p-value 
of 0.0111, rejecting the null hypothesis that 
there is no significant difference between the 
average RMS values for rest in the supine 
position and continual contraction in the 
supine position.  This is the expected result 
and is evidence that our device is able to 
detect changes in sEMG signals under 
febrile seizure conditions. 
 



 
Phase IV Report  

14 

 
Figure 6.  
Plot of each subjects average zero crossings 
per window of sEMG signals for rest in the 
supine position and continual contraction in 
the supine position.  

 
Lastly, we performed additional 

analysis on the comparison of rest and 
continual contraction in the supine position 
to involve the aspects of the seizure 
detection algorithm, that was developed in 
previous stages. The sEMG signals were run 
through our algorithm with the average 
number of zero crossings per window, found 
with Figure 6, and the seizure occurrence 
output both being recorded.  The U-test 
results in the p-value of 0.0181, rejecting the 
null hypothesis that  there is no significant 
difference in the average number of zero 
crossings per window for sEMG signals of 
rest in the supine position and continual 
flexion in the supine position. This is the 
expected outcome and supports that our 
device has the ability to detect differences in 
sEMG signals.  

Additionally, the algorithm also 
showed that there were zero false positives 
for the sEMG signal of rest but a false 
positive rate of 29% was seen for the 
continual contraction. This suggests that a 
possible source of error is the established 
algorithm thresholds and more testing of 
these may be required to optimize seizure 
detection. Examination of Figure 6 shows a 
large amount of variability, and the standard 
deviation for the average number of zero 

crossings is 125 for continual contraction. 
These calculations do not support that our 
device is capable of detecting a seizure. 

Overall, the results of testing 
variables that include activity, heat, and 
position sought to affirm that our sEMG 
reading device has the ability to isolate 
bicep muscle activity, detect changes, and 
operate under febrile seizure conditions. The 
tests of running versus arm movement 
simulating running, and dominant arm 5 lb 
curls versus non dominant arm 5 lb curls 
resulted in contradictory findings for our 
device being able to read sEMG from only 
the bicep muscle activity. The tests 
involving the application of heat found 
opposing results with the rest comparison 
providing evidence that body heat does 
affect our devices ability to read sEMG 
signals, while the curls comparison provides 
evidence that body heat does not affect our 
devices ability to read sEMG signals. The 
tests for rest and continual contraction in the 
supine position produced results that support 
our device’s aim of being able to detect 
differences sEMG signals under febrile 
seizure conditions. However, the findings of 
high false positive rates and variability 
provide evidence that does not support the 
claim that our device is able to function 
correctly under febrile seizure conditions. In 
general, the tests produced opposing results 
that will be discussed in the next section.  
 

 
Discussion 

The data from the U-test that 
compared the voltages between 5lb, 8lb, and 
10lb curls illustrates the differences in 
sEMG signal acquisition. The null 
hypothesis for this specific test suggested 
that there was no statistical difference 
between the voltages acquired during each 
of the three curling tests (5lb, 8lb, 10lb). 
However, as mentioned above, the p-value 
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was greater than 0.05. That indicates that 
there is not enough evidence to support the 
claim that there is no statistically significant 
difference between the results of the curling 
tests. When considering the physics and 
biomechanics behind a curling exercise, one 
would anticipate the force, coupled with the 
voltage in the arm, required to curl a weight 
would change as the weight changes in mass 
and as the length of the arm remains 
constant. 

Similarly, the test which compared 
the acquired sEMG voltages for the 
dominant arm 5lb curl and the non dominant 
arm 5lb curl resulted in the rejection of the 
null hypothesis, which suggested that there 
was no difference between the two sets of 
acquired sEMG voltages. This rejection can 
be expected, because it further elaborates on 
our previous assumption that the device will 
only detect febrile seizures on an affected 
arm. 

 

  
Figure 7. 
Plot of total zero crossings recorded per 

subject. 
 

One of the main concerns with our 
data was that we noticed the microcontroller 
heat up as the testing period progressed. 
Over time, as the device heated up, all of the 
measured values greatly decreased. For 
example, the total zero crossings decreased 
from over 2000 to 15 (See Figure 7). 
However, when the device and 
microcontroller were given time to cool 

down (because the laptop had died and we 
needed to charge it after subject Michael), 
our readings returned to our expected 
ranges. 

One possible test for quantifying the 
signal distortion and increase in internal 
temperature of the microcontroller would be 
to hook up the microcontroller to a 
voltmeter and keep the voltmeter at a 
constant voltage. Over time, as the 
microcontroller heats up, the distortion of 
the data will be quantifiable by the 
difference between actual and acquired 
voltages. By plotting the difference in 
voltage over time, we could develop an 
equation that can be used to adjust for signal 
distortion given a certain amount of run time 
of the microcontroller. 

One of the major constraints of the 
past few phases, excluding the 
microcontroller heating up in phase IV, was 
the low sample size.  In order to acquire 
accurate medical results, experiments 
usually use a sample size of at least 30 
subjects.  

Another limitation of the study was 
time. A hypothetical Phase V would be a 
great time during which to quantify the 
relationship between time of microcontroller 
usage, increase in internal microcontroller 
temperature, and distortion of acquired 
signal.  If given the possibility of more time 
with our group, working towards our device, 
we would be able to acquire more research 
and test metrics that would help prepare our 
device to be ready for patient use.  

This study resulted in an increased 
understanding of our device and its 
limitations. The data suggests that heating of 
the arm may affect the sEMG signal from 
our device, so there would be a need to 
optimize thermal properties of the arm band 
for accuracy and the comfort of the wearer. 
When we compared this data to the data of 
previous phases in this course, it was 
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concluded that an elastic band is sufficient 
to prevent spikes in the sEMG data due to 
the electrodes losing skin contact. It can be 
reasonably concluded that there is intrinsic 
inaccuracy in our device due to the 
Myoware (a central component of our 
device) not providing clinical-grade 
accuracy. There is some question as to 
whether the Circuit Playground Express is 
affected by continued use and overheating, 
however the manufacturer does not provide 
data and testing this is beyond the scope of 
this study. To move forward, we would need 
access to a clinical-grade EMG. With this, 
we could run the same trials and compare 
the data to see if the Myoware is accurate 
enough to reliably detect seizures. The 
mathematical model that accounted for the 
decrease in amplitude due to body fat needs 
to be improved, and other mathematical 
models need to be made in order to better 
standardize the data and increase the 
device’s ability to detect febrile seizures. 
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