
Project 1: Pulse Monitor and Oximetry

BE/EE/MedE 189a: Design and Construction of Biodevices

Fall 2017

Pre-lab Instructions

1. All prelab questions are to be completed individually, but you can discuss with your classmates.

2. Submit your responses as a PDF. While typed responses are preferred, if you need to, you may
scan legible equations/block diagrams to include.

3. The main reference for pulse oximetry is at the end of this document.

4. Have fun!

Pre-lab Questions

A pulse oximeter measures the oxygen saturation of the blood and changes in blood volume in the
tissue by measuring the plethysmograph signal. The device is based on two physical principles: (1) the
presence of a pulsatile signal generated by arterial blood; (2) the fast that oxyhemoglobin (O2Hb) and
reduced hemoglobin (Hb) have different optical absorption spectra. Read the reference paper for more
details.

1. The basic physical principle of oximeter is the Beer-Lambert Law, which describes the absorption
of a uniform medium when light is transmitted through it. The law can be written as

I = I0e−ε(λ)·C ·D, (1)

where I is the transmitted light intensity, I0 is the incident light intensity, ε(λ) is the extinction
coefficient (also known as an attenuation coefficient or absorptivity) of the substance at wave-
length λ, C is the concentration of the absorber in the medium, and D is the thickness of the
medium. Defining optical density (OD) as the negative common logarithm (i.e. base 10) of the
ratio of transmitted light to incident light, write the equation for OD. How are optical density and
the medium thickness related?

2. There are numerous absorptive (and scattering) factors that contribute the attenuation of light
through tissue. These various contributions add to the exponent term of Eq. 1:

I = I0e−
∑

i εi(λ)·Ci ·D (2)

where i denotes the ith absorptive component in the tissue. Suppose that εi(λ) is a different
known function for each of these components and that there are 10 such components, how would
you go about measuring Ci? Is it possible to find C10 by making just two measurements?



3. Suppose we know that concentration of the 10th component oscillates between 0 and its full value
C10, would you be able to determine C10 by making just two measurements at a single wavelength?
How? You may assume that you know the times when the concentration of the 10th component
reaches its respective minimal and maximal values. Why is this assumption necessary?

4. Suppose we know that concentrations of the 9th and the 10th components oscillate between 0
and their respective full values, C9 and C10. Their oscillations are exactly synchronized to each
other. Is it possible to determine C9 and C10 by making N measurements at only one wavelength
(N = any integer)? If not, what about making M measurements at two wavelengths? What is
the minimum M? You may assume that you know when the concentrations of the 9th and the 10th

components are minimal and maximal.

5. You have pretty much understood the principle of pulse oximeter by finishing Q4. The pulse
oximeter looks at how the transmission signal changes at two different wavelengths to determine
the concentration of oxygenated and deoxygenated hemoglobin in arterial blood.

I(λ1, on) = IDC(λ1) + IAC(λ1) = IDC(λ1)e
−
�

εO2Hb(λ1)CO2Hb+εHb(λ1)CHb

�

D, (3)

I(λ2, on) = IDC(λ2) + IAC(λ2) = IDC(λ2)e
−
�

εO2Hb(λ2)CO2Hb+εHb(λ2)CHb

�

D, (4)

I(λ1, off) = IDC(λ1), (5)

I(λ2, off) = IDC(λ2) (6)

In these equations, the subscript DC refers to the baseline signal and the subscript AC refers to
the pulsatile signal. Here, on and off refer respectively to the peaks and valleys of the pulsatile
signal. According to the above equations, calculate the oxygen saturation, which is defined as

SaO2 =
CO2Hb

CO2Hb + CHb
. (7)

Express your result in terms of

R=
ln
�

IDC(λ1) + IAC(λ1)
IDC (λ1)

�

ln
�

IDC(λ2) + IAC(λ2)
IDC (λ2)

� . (8)

6. Simplify Eq. 8 in the case where IAC(λ)� IDC(λ). This simplification is approximately correct for
pulse oximetry scenario. Hint: use Taylor series.

7. In practice, SaO2 is often obtained by an empirical calibration curve, e.g., Fig. 4 in the reference.
Why is the calibration curve different from the equation that we derived above?

8. Find the optical absorption spectra of O2Hb and Hb (cite your source). Include the spectra in your
answer. Identify the appropriate wavelengths of light that can be used for the detection of each
type of Hb.

9. Draw a block diagram of a typical pulse oximeter. Include hardware (e.g. light sources, detectors),
signal acquisition and signal processing required to obtain the pulse rate and the oxygen saturation
of the user. This should be a higher level diagram; you do not need to go into depth of the precise
implementation details of each step.



10. Take a look the commercial pulse oximeter provided. Write a brief report of what each component
is responsible for (e.g. light source, detector, display) Include annotated photos/drawings where
possible. The report should outline how that particular pulse oximeter and its specific parts work.
You do not have to tear apart the oximeter.
























