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• Infrared LED (810 nm)

• Infrared LED (740 nm)

• Light dependent resistor

• Breadboard

• Arduino Uno microcontroller

• Computer

• An Arduino Uno microcontroller was connected to 
a breadboard with two infrared LEDs and a light 
dependent resistor (LDR) positioned between 
them.

• An Arduino IDE sketch was created to flash each 
LED and record values from the LDR, which was 
then passed to a Python script to plot into graphs 
and compute oxygen saturation. 

• The internal clock of a computer as well as the two 
LEDs were tested in 5 trials with the production of 
wavelengths based on light transmission and the 
time it takes for the Arduino to produce a signal. 

Pulse oximeters have a recorded history of racial 
bias towards patients with a high melanin content 
have approximately three times the occurrence of  
hypoxemia undetected by pulse oximetry as 
patients with lower melanin content (Merrick and 
Hayes 1976, Sjoding et al. 2020). Measurements 
from pulse oximeters are also inaccurate on 
individuals with scar tissue, hyperpigmentation, nail 
polish, and tattoos (Webster 1997). This study 
proposed two alterations to pulse oximeters. First, 
two infrared LEDs— rather than red and infrared 
LEDs— were used to eliminate the need for 
calibration of oxygen saturation (Yossef Say et al. 
2018, Al-Halawani et al. 2023).  Second, adding a 
time of flight (ToF) value to  measure the optical 
pathlength through skin, yielding a specific number 
for each person. It is hypothesized adding two 
infrared LEDs and ToF values to the algorithm will 
enable the operation of a proof-of-concept for a 
significantly more accurate pulse oximeter.

The results supported the hypothesis that adding 
two infrared LEDs and a ToF algorithm will enable 
the operation of a proof-of-concept for a 
significantly more accurate pulse oximeter. By 
removing the calibration step and accounting for 
optical pathlength, the inaccuracies of pulse 
oximetry will be eliminated (Al-Halawani et al). 
Following the proof-of-concept phase, the 
machinery on the breadboard will be decreased in 
size and crafted into a new pulse oximeter. Then, the 
pulse oximeter will be tested on a widely diverse 
group of 150 patients, potentially yielding the most 
accurate pulse oximeter ever created.

Percent Success - Trial by Fire

Figure 1. The success rate of LEDs flashing, a graph of light transmission being 
produced and a waveform of ToF being produced on a pulse oximeter 
connected to a breadboard (n=5, x̄ ± SD).

Results

There was no significant difference between the 
categories of LEDs flashing, light transmission 
waveform produced, and ToF waveform produced 
(1-way ANOVA, F2,12=65535. p>0.05, Figure 1).
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