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Motivation
Need for equitable and accurate healthcare tools for 
underserved communities

● Pulse oximeters inaccurately overshoot blood oxygen saturation 
readings for patients with darker skin tones.1

● 12% of Black participants produced a false negative reading for 
hypoxia compared to 4% of white participants (Children’s 
Hospital of Philadelphia study).

● Leads to a disproportionate amount of colored individuals 
being denied access to critical care

● Goal: Improve pulse oximeter accuracy to support equitable 
healthcare access.2

● We were able to develop a pulse oximeter and melanin 
quantification system through arduino that could successfully 
communicate acquired pulse oximetry and skin color metrics 
with a MATLAB correction factor algorithm, and reflect 
“corrected” values.

● However, after prototyping and testing our device, our ability to 
quantify melanin is not optimal, which leads to inaccurate 
correction factors being applied.

Bioethical Implications

Methods

Increase equity during a crucial stage of disease diagnosis in 
clinical settings 

● Reduction of healthcare disparities that disproportionately impact 
certain groups, thus eliminating racial and ethnic biases. 

● Long-term cost savings are made by reducing misdiagnoses and 
repeat tests.

● However some potential health care concerns are prolonged UV 
exposure, as this may lead to unknown effects.

Conclusions and Future Work

Design Specifications

● The MATLAB 
correction 
factor algorithm 
receives pulse 
oximetry data 
and melanin 
quantification 
data from our 
arduino 
system.

● This data will 
be processed 
and the 
respective 
correction will 
be applied to 
the pulse 
oximetry 
measurement.

Testing & Validation Commercialization

● Main point of validation is the 
melanin quantification system 
and comparable pulse 
oximetry measurement to the 
clinical standard.

● We plan to test the efficacy 
by developing an artificial 
porcine skin module with 
varying melanin 
concentrations and 
oxygenation levels using 
squid ink and porcine blood.

● This will allow us to test our 
device’s ability to detect 
different melanin levels as 
well as properly measuring 
SpO2.

● Overall, our device and 
algorithm need to optimized 
for more accurate melanin 
quantification with more 
patient data and refined to 
reduce signal noise that can 
interrupt our measurement.

● Market device to healthcare 
providers in the Sub-Saharan 
African population

● Complete clinical trials to 
prove accuracy and safety.

● Apply for FDA approval and 
other certifications.

● Prioritize low cost 
components and materials to 
make the device affordable 
for low-resource communities

● We received patient data from critical congenital heart disease (CCHD) patients, 
where hypoxia is a telltale sign of CCHD, emphasizing the importance of accurate 
pulse oximetry measurement.

● We averaged the difference between a patient’s blood gas analyzed arterial 
saturation and pulse oximetry measurements. Then, we separated these 
differences by race and found the average blood oxygen saturation measurement 
through pulse oximetry.

● To meet our design specification of minimizing the overshoot to ~3%, we 
established baseline correction factors that will get optimized as we acquire more 
patient data.

● We are close to meeting our design specification of being able to quantify melanin 
in a person’s skin; however, the level of accuracy is highly variable at the moment.

Figure 5a. Variance between pulse oximetry and arterial 
saturation measurement. 5b. Baseline correction factors for 
each race. 5c. Functionality observed with our melanin 
quantification and pulse oximeter systems.

Figure 2. Functional method framework of operating the device

Figure 3. Correction factor algorithm

Figure 4. Blown up CAD view and arduino setup of the final device

Figure 1. Design Specifications Table

Figure 8. Pulse oximeter shell 
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Baseline Correction Factor Percentage

White 0.50-1.50%

Asian 2.00-2.50%

Hispanic 2.00-2.50%

Black 2.50-3.00%
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