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Pulse oximetry is a medical technique used to approximate a patient's blood oxygen saturation. This information can alert doctors to a potentially life-threatening problem within seconds. It is used in many different medical areas, sometimes hailed as the fifth vital sign. The method of oximetry is remarkable in that it is completely noninvasive, taking readings by merely shining lights through a patient's finger or earlobe and measuring the amount of light transmitted. It does, however, have its problems, including the portability of the device used to read the sensor. For that reason, the ultimate goal of this research is to work towards developing a more portable pulse oximeter.

In order to accomplish this goal, we first needed to establish a basic understanding of how pulse oximeters function. The motivating principle for pulse oximetry is that oxyhemoglobin and deoxygenated (or reduced) hemoglobin absorb differing amounts of light at certain wavelengths. Specifically, oxyhemoglobin absorbs more red light than infrared light, and reduced hemoglobin absorbs more infrared than red light. Therefore by shining red and infrared LEDs of specific wavelengths through a patient's blood, measuring the amount of light that passes through via a phototransistor, and taking a ratio of these amounts, one can approximate the fraction of blood flowing through the finger that is oxygenated and the fraction that is deoxygenated. While shining these lights through a finger, it is necessary to account for the amount of light absorbed by materials other than the arterial blood, such as skin, bone, and venous blood. These amounts remain constant while the amount of light absorbed by arterial blood is periodic (Figure 1), so a program can not only isolate the desired amount, but also normalize it by dividing by the constant amount. Using the pulsation of arterial blood to calculate blood oxygen saturation thus led to the name pulse oximeter. If, however, a pulse is not present, the pulse oximeter will not function. 
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Figure 3. Components of light absorption by a tissue bed as a
function of time.
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Once we understood the basic function of the pulse oximeter, our next step was to illuminate the LEDs. The LEDs are configured in a circuit such that applying current in one direction lights one LED, and current in the other direction lights the other LED (Figure 2). We therefore had to generate a signal with both positive and negative voltages. The signal generator we used could only produce positive voltages, so we used an operational amplifier to shift the voltage down. To decrease the chances of having both LEDs on at the same time (and thus get invalid results) we used a low duty cycle. The final waveform is shown in Figure 3. 
[image: image5.png]*1 =18l x|

Fle Edt Vew Place MCU Smuate Transfer Took Reporis Optins Window Hep ER

ShimBoc|Bacal|tmsma PR T |emes
crrsebBIwao=myo|§n|[=s] bl

! —

- @

De 2
Gt o

=

=

=

=

L e

i =

oo a

=

=

] 12 -

annel L

] EH s e o Reverse =

T2 e 2

[ Timebase Channel & Channel B Trigger. =

scale [ 1 s/oiv scale [ 2 viDiv scale |5 viDiv Edge [T [ & [e =

poston [0 ¢ poston [0 ¥ postion [0 e o v =

w77 g eja [ 4| | ac| o [5€ & | jacl 0 J5€ - | | type Sing.|Nor.|auto iere i

a

o
vierarchy [Vibity ] ot vew] | [ crcurs * mE
Sy F I fians 00175 FITTITT

@ start| | @ pendora Radio -Listent... | @ Potsdam, New York -Ge... | ) abstract [Compatibitty ... || Circuit1 - Multisim - | @2 Lo6% 1 & [« D 1B maepm





[image: image2]

 SHAPE  \* MERGEFORMAT 
[image: image3]
Now, with the LEDs appropriately illuminated, we could write a program to read input from the phototransistor. For our program, we used a virtual instrument created in National Instruments LabVIEW. This program first gathered the input signal, and then used a trigger to select sections of the signal produced by the transmitted light from the red and infrared LEDs. These sections were first normalized by dividing the peak-to-peak amplitude of the variable amount of light transmitted by the minimum, which is also the constant amount of light transmitted. The normalized amounts were divided into each other (red into infrared) to produce a ratio which could then be interpreted to get blood oxygen saturation. We lacked the means to calibrate the oximeter, so we stopped with the ratio. The program also measured the time between peaks in a signal and calculated the pulse rate. 

The above describes what the program would do ideally. In reality, we had not yet been able to derive a distinct pulse, and as mentioned, without a pulse, a pulse oximeter will not give valid results. It is possible that the trigger used to isolate the signals took too small a set of samples from each section, lowering the resolution to the point that no pulse would be discernable. 

The program, once working, is to be loaded onto a Lego Mindstorms NXT brick. The NXT has several advantages over other commercially available microcontrollers, including its size and portability, and that it is already mostly compatible with LabVIEW. One issue with the NXT is that it does not support all functions in LabVIEW, including the trigger used to isolate the desired portions of the signal from the phototransistor. There is a way to build programming blocks for the NXT, but we have not yet attempted to use this feature. Furthermore, the NXT’s interfaces are proprietary, but we have a NXT prototyping board. Also, the NXT’s outputs are digital, requiring the use of a digital-to-analog converter in order to generate the analog signal to drive the LEDs. This can be done with an operational amplifier acting as a weighted adder.
Finally, a crucial requirement of the device will be its ability to produce an output signal and read an input signal with a certain minimum rate. If the oximeter is to reliably measure a heart rate, then I believe that there should be at least five samples taken per heart beat. There being four pieces to each cycle of the signal that drives the LEDs, the device needs a minimum clock rate of four times the sampling rate. Therefore, in order to measure a heart rate of up to 150 beats per minute (which is possible in newborns) the device should take 750 samples per minute, or 12.5 per second, and therefore the clock rate of the device should be 50 hertz. The microcontrollers in the NXT should be able to run at this rate.
In all, this research project has taught me much, not only about pulse oximetry, but also about the tools I was using, such as LabVIEW, operational amplifiers. It has not yet yielded significant results towards the ultimate goal of producing a portable pulse oximeter, but the foundations for future work to achieve these results have been laid.
Time





0V





-5V





+5V








Image from: Alexander CM, Teller LE, Gross JB. Principles of pulse oximetry: theoretical and practical considerations. Anesth Analg. 1989; 68:36 & 376.











Figure 2- LED circuit in sensor





Figure 3- voltage through LED circuit over time





Figure 1- light absorption by tissues over time








