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CyVital

• Next spring, biomedical engineering students 
enrolled in BME 3500 will need a hands on, 
interactive lab apply course concepts in 
practice 

• For this lab, a hardware and software kit needs 
to be developed to teach students how to 
program, test, and collect data from various 
physiological signals.

Problem Statement



Overview

We worked with our client and faculty 
advisor, Dr. Meng Lu,  for the creation of the 
BME 3500 lab to enable hands on intuitive 
learning for the aspiring BME students. 

• CyVital is a solution designed to guide 
students through setting up and 
implementing their own data analysis 
programs for various sensors.

CyVital

Ph.D., Electrical Engineering, University of Illinois (2008) 

M.S., Electrical Engineering, University of Illinois (2006) 

B.S., University of Science and Technology of China (2002) 

Core Area(s): Electromagnetic, microwave, and nondestructive evaluation; microelectronics and photonics 

Department’s Strategic Area(s): Materials, devices & circuits; bioengineering 



Requirements

• Each sensor analysis method should 
accurately record and read 
physiological  signals 

• The lab must adhere to learning 
objectives for the class 

• The analysis methods should be 
written in a familiar language for 
students 

• The software should include a GUI to 
allow students to view data in real 
time

Design



CyVital is built for Students

• Intuitive software interface to allow students to easily program sensors and view data 

• The labs are designed to reinforce and teach core concepts from the course 

• Hardware will be standardized to allow students to easily connect and work with a variety 
of sensors.



CyVital is built for TAs

• Clear, easy-to-teach-labs  

• A finished and documented answer implementation will be provided  

• Include step-by-step instructions and explanations, enabling quick troubleshooting and 
efficient student support.



CyVital is built for Professors

• Labs will be easily gradable with clear rubrics for successful hardware and software 
implementation. 

• Lab modules will align with course curriculum for  providing students with hands-on 
application of theoretical concepts 

• Labs can be done in teams which fosters student collaboration within sections



CyVital

DAQ

How it works



Physiological  Signals

• The human body naturally produces physiological signals 
that can be detected using analog and digital sensors 
• Thumb Switch (Reaction Time) 
• Electrocardiogram (Heart) 
• Pulse Oximeter (Blood) 
• Electromyography (Muscles) 

• These analog signal needs digitalization



DAQ



Data Acquisition

• Converts analog signal into digital format 
• Interface between sensors and software 
• Ensures accurate data samplingDAQ



DAQ



Signal  Processing 

• Filters and cleans raw data 
• Converts digital signal into readable formats 
• Implements student created processing methods 
• Process signals in real time 
• Displays and graphs sensor values in GUI



CyVital Implementation



Cost Breakdown

Final Breakdown: 

• DAQ dominates 74% of the 
total price 

• The 4 sensor modules comes 
in at roughly 26% of the 
$510.48 

• Our software is free

CyVital Component Model Image Price

Data Acquisition 
Unit

Digilent Analog 
Discovery 3

$379.00

ECG sensor
SparkFun 

AD8232 Heart 
Rate Monitor

$25.00

Pulse Oximeter
SparkFun 

MAX30101 
$35.00

EMG Sensor
SparkFun 

MyoWare V1
$44.5

16 to 1 Analog 
Multiplexor

CD74HC4067 $5.99

Reaction time/ 
miscellaneous 

Thumb switch / 
electrodes, leads, 

etc... 
$20.00

Total: CyVital Lab Kit ≈ $510.48



Cost Comparison

Our current prototype for 4 sensor 
modules costs around $500 for hardware 

• Existing kits on the market are 
upwards $10,000+ 

• Competitors up-charge software 
over 20 times hardware cost 

• Saving Iowa State a lot of money 
and gives us hands on experience

Market Research

Competitor [iworx] LabKit

$10,170.71 vs $510.48



4 Step Process 

• Sensor module picks up signal (ECG, EMG, Pulse 
Oximeter, Reaction time) 

• Multiplexor selects which analog signal  to 
output (besides Pulse Oximeter) 

• DAQ that converts this signal to digital data 
(Analog Discovery 3) 

• Digital data is transferred to our python 
Frontend / Backend (USB-C)

Hardware
Implementation



Challenge: Sensor Accuracy (heart rate, muscle sensors) 

• Sensors require specific location (grounded to a bone) 

• Adequate pressure is needed to maintain reliable contact 

• Small movements caused signal loss or noise 

Solution: 

• Used straps and mounts to give pressure and stabilize sensors 

• Adjusted gain on our sensors to increase signal amplitude

Hardware
Issues



Definite Changes

Last Semester 

Our prototype only enveloped ECG 
signal with almost no modularity 

• USB-3.0 connection 

• No Housing for our Lab Kit 

• Outdated DAQ device

Hardware

This Semester 

 
Our prototype is more modular with 4 
sensors-modules total 

• USB-C for universal connection 

• Housing for our Lab Kits 

• 16-to-1 Mux for signal selection 

• Up-to-date DAQ technology



Software Implementation



imguiHandler.py

• Library: imgui-bundle 
[https://github.com/pthom/imgui_bundle] 

• Inspiration: Visual Studio IDE 

• Features: 

• Frame-locking (based on monitor refresh 
rate) 

• Continuous data acquisition  

• Fully integrated logging system  

• Thread-safe structures

Graphics

https://github.com/pthom/imgui_bundl


Src > Sensors 

• Each module is implemented with a 
functioning backend script written in python 

• The DAQ is connects and records data via 
the [dwfpy] python library 

• Each sensor data analysis method is created 
for both TA implementation and guide 

• Skeleton code for students to implement 

• Data is plotted in real-time via [MatPlotLib]

Backend Script(s)



Software Challenges
• I2C 

• Kept getting a device not found error 

• Pulse-Oximeter has a 7-bit base address 

• 8 Bit address needed for added read and 
write bits 

• Had to shift the bit to make it 8 bits 

• Device Conflict  

• Device already in use  

• Had to manage shared devices 

• Had to make sure all connections are 
ended



Instruction

• Featuring 

• Installation, set-up and runtime instructions 

• Pre Lab 

• Implementation Guide 

• Post Lab

Lab Manual



• Formatted exception handler with extensive 
logging 

• Integration Testing 

• Stress testing 

• Live testing with comparative readings from 
apple watch 

Testing



Demo



Learning

• Interpreting waveforms 

• Filtering / smoothing, collecting analog 
signals 

• Data structures 

• Continuous data acquisition 

• Python GUI development 

• I2C

Conclusion



Future Ideas

• Because CyVital is built modularly, many new sensors 
both digital and analog could be added 

• Additional cost savings could be implemented by 
testing alternative data acquisition  devices 

• Given sufficient data, ML algorithms could be 
developed to analyze recorded values from sensors.

Conclusion



Thank you for a 
great year! 



Questions?


