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Isaac Cheng CYSF Project 2025 Condensed Logbook 

This is a condensed version of my logbook where I have summarized the entire project and 
split up my project into sections. These logbook sections correspond to the five design 
stages as outlined in Professor Alexander H. Slocum’s e-book, FUNdaMENTALs of Design 
[29]: Explore, Experiment, Create, Detail, Build and Test. Between each section, I have 
merged some important files and some of the mentor feedback I received. I did not upload 
my full logbook because it is too long. However, I will bring the full, handwritten version 
with me to the fair for the judges to view.  

 

Stage 1 - Explore: July 15, 2024-July 24, 2024 

What happened: 

• Got injured 
o While practising hurdling at school, I felt my leg go numb and I couldn’t walk 

or move my leg without pain 
 

• Met with Family Medicine doctor 
o My family medicine doctor told me it was probably just a partial hamstring 

tear and gave me a requisition for an ultrasound 
 

• Applied for Specialist level care at University of Calgary 
o I applied for free specialist level care at the U of C Sports Medicine Centre by 

submitting a form online 
 

• Learned about surface EMG sensors and found one that could run off an Arduino or 
Raspberry Pi 

o Interested by a project that used EMG sensor data in last year’s science fair, I 
was excited to learn about EMG sensor that could run off of a Raspberry Pi, 
so I researched on Google for a couple of hours every day 
 

• Learned about machine learning software such as TensorFlow 
o I wanted to find a solution for detecting muscle fatigue and I realized I could 

train a Machine Learning model to recognize certain fatigue patterns 
 

• Did lots of research on different hamstring injury related topics 
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o I read several articles related to hamstring strain injures (HSI) and learned 
how sprint-based sports had very high rates of HSI 
 

• Wrote up a CYSF project proposal for Dr. Ballinger 
o This proposal included research I had read about HSI and my proposed idea 

to place surface EMG sensors on each hamstring muscle to detect high 
levels muscle activation 
 

• First medical appointment with Dr. Ballinger 
o I was X-Rayed and was informed I had suffered an ischial tuberosity avulsion 

fracture 
o I asked Dr. Ballinger if she could be a scientific mentor, and she agreed and 

gave me her email address 
 

• Sent Dr. Ballinger an email requesting another meeting to answer some of my 
questions  

o Using the email address given at my appointment, I requested a meeting to 
ask her some questions related to my project 
 

• Learned about muscle fatigue and filtering EMG signals 
o I learned from articles I read about Maximal Muscle Force and types of EMG 

filters such as a Butterworth filter  
 

• Learned about different types of muscle contractions and anatomy specific 
vocabulary 

o This would later help me understand higher level articles related to muscle 
contraction and human anatomy in general 
 

• Wrote up a questions sheet for Dr. Ballinger 
o These questions would be asked at our next meeting and would help me 

design my device 
 

• Wrote a problem statement 
o My intention for my proposed device was to be used by teenagers to adults 

during activity to help prevent hamstring-related injury 
 

• Made a use and function story chart 
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o This shows how the device is intended to be used 
  

• Drew some preliminary leg sleeve designs 
o These drawings included components such as batteries, microcontrollers, 

EMG sensors, and an LCD screen 
 

• Second meeting with Dr. Ballinger 
o During our meeting, I asked her about my pre-planned questions and learned 

more about hamstring injuries in sports  

What I would do differently: 

Next time I would try to be as prepared as possible for my interview with Dr. Ballinger as my 
lack of knowledge was evident during our conversation. 

To work on next: 

Start finalizing design elements and ordering parts. 

 

Appendix 1-1: (July 13, 2024) 
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Appendix 1-2: (July 14, 2024) 
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Stage 2 - Experiment: July 25, 2024-July 29, 2024 

What happened: 

• I finalised my design specifications 
o My design will include 2 EMG sensors with one placed on the medial portion 

of the Biceps Femoris and the other placed on the Semitendinosus 
 

o  A Raspberry Pi and an Arduino Uno R4 Wi-Fi will be used as the Arduino 
provides power for the sensors while being able to receive the data, 
meanwhile the Raspberry Pi will do all the complex computing. 
 

• Met with mother to discuss the purchasing of parts and confirming the budget 
o We agreed on spending less than $500 and decided that we would go to 

Solarbotics, a local electronics part store, to buy parts I would need 
 

• Asked my Physiotherapist to be my science fair project mentor 
o Having a mentor with a Biomedical engineering background will be extremely 

helpful for the duration of my project 
 

• Bought the Netter’s anatomy coloring book at the U of C bookstore 
o Having a diagram of the hamstring muscle group is important not only for 

personal use but for display on the presentation day 

What I would do differently: 

Next time I would finalize my design specifications a month before I start buying parts. This 
will allow me to have more time to think of what I needed. 

To work on next: 

I can start to make prototypes of the leg sleeve and start to make 3D models of some 3D 
printable components. 

 

Stage 3 - Create: July 29, 2024-September 8, 2024 

What happened this section: 

• My parts from Digi key electronics had arrived 
o All my major components had arrived so I could get stated coding  
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• I made a prototype leg sleeve 
o I made my prototype out of cardboard with the objectives of fitting 

comfortably, and incorporating the sensor and microcontroller without 
making the sleeve feel bulky 
 

o I observed from my prototype that it needed Velcro to fit legs of various sizes, 
easily hid all of the EMG sensors, and had issues holding the Arduino around 
my leg without trying to bend it   

 
• I realized I needed to buy some more components 

o I realized that I could not turn the Raspberry Pi on because I didn’t have a 
Mirco SD card, a Micro HDMI to HDMI cable, and a Video capture card 
 

o I would also have issues connecting to a breadboard because of the 
Raspberry Pi male pins so I would need to buy Male-Female jumper wires as 
well 

 
• Made 3 different versions of 3D printed cases for my Arduino 

o In the version 1 design, I accidentally forgot to join the bottom piece and the 
walls in the 3D model, so after I took the printed model off of the build plate 
the bottom fell off 
 

o In the version 2 design, I modeled it too small, so the Arduino did not fit in the 
case 
 

o In the version 3 design, I modeled it with the exact dimensions and added 
enough slots to save filament and weight 
 

• Bought the extra parts 
o Now I could finally start working on the Raspberry Pi and the components 

that would connect to it 
 

• Meeting with mother 
o Started to section up my logbook and insert reflection pages at the end of 

each section 
 

o Received some files that taught me how to present and how to design 
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What I would do differently: 

If I ever do something like this, I will think about what parts I would need to make sure I 
would only need to buy parts once. I will also always add a millimetre of room to the inside 
dimensions of a model to make sure it will fit. 

To work on next: 

Next, I will start working on the Raspberry Pi and connecting the LCD screen to it via a 
breadboard and headers 

 

Stage 4 - Detail: September 8, 2024-January 20, 2025 

What happened in this section: 

• Learned how to use the purchased components 
o I learned how to upload code onto the Arduino which allowed me to learn 

how to use the sEMG sensors and apply simple filtering procedures on it 
o I also learned how to use the “pybluez” python library to allow me to connect 

my Arduino to the raspberry pi and transfer data using the mac address and 2 
UUID’s 

o Learned that my device had a Bluetooth range of approximately 30 meters 
o Finally, I learned how to wire the RBG LCD screen up by following Adafruit’s 

guide online  
• Met with mentors and discovered some new ideas on the project: 

o Learned from Mr. Schipilow about the possible uses of my device for those 
who are 1. Recovering, 2. Recently injured, and 3. Fully recovered/not injured 

o Not showing the sEMG values because it could be confusing to people 
o If I had access to unlimited funds and resources, ideally, I should run a large-

scale study where a group of individuals would play soccer for a certain 
number of hours while another group would do the exact same thing but use 
my device either during pre-game warm-up or during active play  

 
• Discovered gaps in my knowledge 

o My mentor Mr. Schipilow, asked what the values the Arduino was getting 
were and I was unable to explain so I later researched it and found out they 
were 10-bit ADC values   

o I also lacked knowledge in the trends of EMG muscle activation values during 
sub-maximal and maximal contractions    
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• Learned about the Neuromuscular Training (NMT) warm-up program developed by 

the University of Calgary  
o Dr. Ballinger introduced me to the NMT warm-up program during our meeting 

and I discovered how I could use it in conjunction with my device instead of 
having to create a muscle fatigue machine learning model 
 

• Made design choices for my device 
o Decided to place the Arduino and battery pack inside a belt bag to reduce the 

weight of the leg sleeve such that it would have a greater chance at staying 
on the user’s leg 

o Decided to make my leg sleeve out of a medical bandage as its stretchy 
material properties and size allowed me to fit all the components in it while 
also providing a tight fit 

o Decided to apply the filter function in the programming code that is made 
available for the sEMG sensors I purchased. The code has a notch, low pass, 
and high pass filtering functions.  
 

• Created testing procedures for my device to be used with the NMT warm-up 
program 

o Chose 4 NMT warm up exercises (Skipping, Airplane Balance, Nordic 
Hamstring Curl, Squat Jump) for testing my device on the participants, and 
also to test my machine learning models on 3 of these exercises 

What I would do differently: 

Next time I would do more research into my field I was planning to talk to my mentors about 
since it was embarrassing not know what they were talking about. I would also research 
into the detail of my purchased parts to ensure that I used the proper code the first time 
and stop needing to go back and redo it. 

To work on next: 

Build the leg sleeve and test the MuscleWatch device on teenage participants 
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Appendix 4-1: (October 28, 2024) 
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Appendix 4-2: (October 28, 2024) 
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Appendix 4-3: (October 29, 2024) 
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Appendix 4-4: (November 12, 2024) 
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Appendix 4-5: (November 12, 2024) 
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Appendix 4-6: (November 24-25, 2024) 
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Appendix 4-7: (November 26, 2024) 
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Stage 5 - Build and Test: January 21, 2025-March 18, 2025 

What happened in this section: 

• Begun coding the machine learning models in Jupyter lab on the Raspberry Pi 
o Downloaded Jupyter lab and learned how to open it on my Raspberry Pi 

through the Raspberry Pi terminal  
o Learned how to open files and new terminal windows in Jupyter lab 
o Watched various videos on Pandas, TensorFlow, NumPy, and machine 

learning models 
• Finished up Arduino code  

o Discovered that there is a limit on the flow rate of the samples so that my 
62.5 samples a second becomes 8  

o Discovered that the best down sampling sizes between 4-8 to prevent loss of 
features in the data 
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o Best squared ADC value threshold is between 120000-140000  
• Designed various 3D components while working on the leg sleeve 

o Designed the Track Tightener pieces, sEMG sensor covers, amplifier board 
covers, Arduino and battery pack case (to be placed inside the fanny pack), 
and the micro processing receiving module case to house the components 
connected to the Raspberry Pi 

• Begun training the machine learning models 
o Learned how to collect examples in specific amounts of time to use to train 

the model 
o Learned how to train a machine learning model using optimiser SGD with a 

fully connected Neural Network (NN) 
o Learned how to set the number of hidden nodes in a dense layer 
o Learned how to shuffle the data to prevent the model from learning the 

patterns in which I ordered my examples specifically with the “proper” 
exercise fidelity in the first half of the dataset followed by the “improper” 
examples that made up the rest of each of the training, validation and test 
datasets  

o Learned how to test the machine learning models on my validation data sets 
and testing data sets using the library “matplotlib” and Scikit learn metrics to 
plot the loss and accuracy of each model  

o Found that sigmoid activation of both layers in my neural network with a 
learning rate between 0.1-0.001 resulted in the best results 

o Learned how to change the classification threshold in the Squat Jump model 
to reduce the amount of false negative in the validation and testing data sets 

o Made the final code for each of the three models including the calculation of 
the MuscleWatch’s predicted RPE  

• Uploaded code to the Github repository for public viewing & learned how to provide 
credit for the sources and libraries I used to code the MuscleWatch 

o Uploaded all the code used for my final design 
o Made sure to give credit to others created the videos, articles, and software I 

used in this project. 
o Made sure to add a message at the top of every file and in the README.MD 

section of the repository about my usage of AI to partially generate some of 
the code 

• Tested the MuscleWatch on each of the participants 
o Tested the device on 11 participants in my living room 
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o Found that some of the participants needed extra pressure on the back 
sensors to push it tight against their leg so I wedged in some of my extra 3D 
printed Track tightener pieces  

o Began to use an extra elastic bandage to secure the leg sleeve as the sleeve 
was gradually sliding off some of the participants 

• Results of the testing of the MuscleWatch 
o Found that the MuscleWatch accuracy was way less than the accuracy of the 

model on my validation data 
o Found that the accuracy of the MuscleWatch was worse on dynamic 

exercises like the Squat Jump and better on repeatable exercises such as the 
Nordic Hamstring Curl 

o Although the area where the MuscleWatch predicted RPE the best was with 
the Squat Jump 

o MuscleWatch was overall reported to be comfortable and useful  

What I would do differently: 

• Begin working on the machine learning models and reaching out to participants 
earlier as the scheduling, and the training, of the models take way more time than 
anticipated 

• Manage my time better by doing something everyday to reduce workload closer to 
the deadline 

To work on next: 

• Finalize the drafts from previous write ups and the documents I have created to 
submit the final write up on to the CYSF portal 

• Prepare the trifold and the oral presentation for the fair 
• Review information I have learned from this project over the course of the previous 9 

months  
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Appendix 5-1: (February 13-14, 2025) 
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