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Abstract—Bio-Medical Engineering (BME) has been an
active research area for years. BME is the application of
engineering techniques to the medical fields. It combines the
design and problem solving skills of engineering with
medical sciences to improve the health care and the quality
of individual life. With the proliferation of advanced
electronics and applied engineering, the ways to help people
specifically patients are changed. Therefore, an advanced
design for monitoring a vital sign towards experimentation is
presented. The vital signs monitor is essentially a real time
device that displays certain received signals from the human
body. The projects of this sort under taken so far have used
windows to display the output whereas this project aims to
generate a real time display of the signals received from the
human body using Linux. Linux was preferred for its ability
to simultaneously process data and display it in real time.
The basic principles and methods are outlined. The major
components of the system are shown separately, and are
discussed individually. Few electronic devices used for data
are depicted and described. The final results show a better
performance

Index Terms—Oximeter, Data Acquisition Card, Pulse
Oximetry, Design Process Overview, Result Analysis

I. INTRODUCTION

The objective of Patient Monitoring Systems is to have
a quantitative assessment of the important physiological
variable of patients during critical periods of biological
functions. For diagnostic and research purposes it is
necessary to know actual value or trend of change of this

variable. Patient monitoring systems are used for
measuring continuously or at regular intervals,
automatically, the values of patient's important

physiological parameters.

There are several categories of patients who may need
continuous monitoring or intensive care. Critically ill
patients recovering from surgery, heart attack or serious
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illness, are often placed in special units, generally known As
intensive care units, where they can be supervised constantly
by the use of electronic instruments. The main features of
patient monitoring systems:
e Organizing and displaying information in a meaningful
form to improve patient care.
Correlating multiple parameters for clear demonstration of
clinical problems.
Processing the data to set alarms on the development of
abnormal conditions.
Ensuring better care.
The most often monitored biological functions are
Electrocardiogram (ECQG), heart rate, pulse rate, temperature
and respiratory rate. Among this oxygen saturation is the
centre of this thesis.

II. PULSE OXIMETER, OXYGEN SATURATION (SPO,)

Oximeter is based on the concept that arterial oxygen
saturation determinations can be made using two wavelengths.
The two wavelengths assume that only two absorbers are
present, ox hemoglobin and reduced hemoglobin. Light
passing through the finger will be absorbed by skin pigments,
tissue, cartilage, bone, arterial blood, venous blood but this
absorption is indifferent to the wavelength of the light being
passed through it. Therefore the absorbance by all these helps
us in the determination of oxygen saturation in the blood.

III. DATA ACQUISITION CARD

The Data Acquisition Card (DAQ card) was used to digitize
the analog output of the circuits. Certain changes were made to
the circuits to accommodate this process. The DAQ card fed
its digitized data to the computer which worked using Linux.
This ensured real time display as the aim of this project was to
enhance the real time display characteristics of a Vital Signs
Monitor.

A. Medical background

Pulse oximetry is a non-invasive and continuous method of
determining the amount of oxygenated and deoxygenated
hemoglobin in a person’s blood supply. It is preferable to have
a direct measure of the oxygen levels in hemoglobin because it
can be determined in real time while causing no discomfort to
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the patient. Traditional pulse oximeters take

measurements from the finger and ear lobe.

B. Mathematical Aspect

Pulse oximetry is accomplished by implementing the
Beer-Lambert Law, which, in this case, relates the
concentration of oxygen in the blood to the amount of
light absorbed when transmitted through the blood. The
absorption of the light transmitted through the medium
can be calculated using the Beer-Lambert Law as follows:

(M
Where Ioyr is the intensity of the light transmitted through
the medium, Iy is the intensity of the light going into the
medium, and A is the absorption factor.

_ A
Iour=Iine

C. A brief history of oximetry

To be able to design a pulse oximeter the theory
behind how the body absorbs oxygen and how the
absorption of light works must be clear. The knowledge
that is used is that saturated hemoglobin is light red and
non-saturated hemoglobin is dark red.

The first pulse ox meter was designed in the late 1930°s
by German researchers whose objective was to measure
the oxygenation of “high altitude pilots.”[6] From that
point on, the pulse ox meter, as it was later called, has
been improved upon continuously.

The first pulse oximetry was invented in 1972 and has
grown to become an increasingly important technique in
Intensive Care Units and medical care in general. It is a
simple non-invasive method of monitoring the percentage
of hemoglobin (Hb), which is saturated with oxygen.

D. Principles of Pulse Oximetry
The purpose of a pulse oximeter is to measure the

percentage of hemoglobin, which is saturated with oxygen.

The theory behind the technique is based on the red and
infrared (IR) light absorption characteristics of
oxygenated and deoxygenated hemoglobin. Oxygenated
hemoglobin absorbs more infrared light and allows more
red lights to pass through. For deoxygenated hemoglobin
it is the other way around. Deoxygenated hemoglobin
absorbs more red lights and allows more infrared light to
pass through. Red light is in the 600-750 nm wavelength
light band. Infrared light is in the 850-1000 nm
wavelength light band. Figurel shows the absorption
coefficient for both types of hemoglobin at different
wavelengths.
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Figl: The absorption coefficient for the two types of hemoglobin as a function
of wavelength.

Pulse oximetry uses two light emitting diodes (LEDs) or
light sources of similar kind with known wavelengths, one
LED emitting red light and the other infrared.

There are two methods of sending light through the
measuring site:
e  Transmission and
Reflectance.
In the transmission method, a photo detector detects the
light that passes through.

In the reflectance method, it is also possible to have the
photo detector placed right next to the LEDs and have it
receiving the reflected light.

This method is not as common. The transmission method is
the most common type used and for this discussion the
transmission method will be implied.

¥y
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Fig 2: Basic idea of a pulse oximeter of haemoglobin at red and infrared
wavelength.

Two signals will be generated by the photodetector, one
signal created by the red light, and another signal created by
the IR light. The signals will differ from one another because
of the difference in light-absorption discussed above. The
more oxygen there is in the blood, the more the two signals
will differ. Obviously, the tissue will absorb light as well, but
since the tissues’ absorption coefficient is identical for both
wavelengths, it will not affect the result.

Absorption on each wavelength differs significantly for the
oxyhaemoglobin and deoxygenated haemoglobin. Therefore
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from the difference of the absorption of the red and
infrared light the ratio between oxy/deoxyhaemoglobin
can be calculated. As the amount of blood in the
capillaries depends on the actual blood pressure, which
varies around the heart, the heart pulse cycle and in turn
the heart rate can also be measured.

Oxy hemoglobin refers to oxygen carrying
haemoglobin and deoxygenated haemoglobin refers to
non oxygen carrying haemoglobin. If all haemoglobin
molecules bonded with an oxygen molecule (O,), the total
body of haemoglobin is said to be fully saturated (100%
saturation). When haemoglobin unloads the oxygen
molecule to tissue cells at capillary levels, the saturation
progressively decreases and the normal venous saturation
is about 75%. The normal saturation level is said to be
between 87-97%.

The two wavelengths are chosen because deoxygenated
haemoglobin has a higher absorption at around 660nm
and at 910 nm oxygenated hemoglobin has the higher
absorption.

The measurement Process: The measurements taken
by the pulse oximeter demonstrate the shape of a pulsatile
waveform as seen in fig3. This pulsatile waveform has
both AC and DC components in it. The DC components
are comprised of the absorption from the non-pulsing
arterial blood, the venous and capillary blood, as well as
from scattering and absorption due to the tissue and bone.
These components are always constant and rest on one
another as shown in the figure. The AC component of the

figure 4 is the pulsatile waveform that we are interested in.
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Fig 3: AC and DC components of oximetry
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Fig4: AC and DC components of oximetry
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Fig 5: AC and DC components of oximetry

This waveform represents the pulsing of the blood in the
arteries and each individual pulse can be seen, representative
of the heart rate. This waveform is gathered for both light
frequencies, in this case infrared and red light. In order to
obtain the pulse oximeter saturation (Sp02), these AC and DC
components from each of the wavelengths need to be
measured and taken as a ratio as follows:

R =[ACA1/ DCA}/[ ACA2/ DCA2] Q)

e e ),
B iACAC )

i

Ratio, R

SPO2=(110-25R)%
E. Calibration

This ratio is then used in a calibration curve based on
studies of healthy individuals to determine the Sp0,. This
value will end up being a percentage which will tell the
physician whether or not everything is as it is supposed to be.
A normal saturation level is between 87-97%. This method of
measuring the Sp0, has been shown to be accurate to within
2.5%.

F. Oxygen Saturation Circuit requirements

Figure 1: General Pulse Oximeter Circuit Diagram
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=
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Fig 6: General Pulse Oximeter Circuit Diagram

The sensor is to be made out of a black rubber-made tube. It
is important to use a material that does not reflect so much
light and does not let light through the surface. The front of the
tube was tightened with a black plug to avoid surrounding
light will affect the result. Two holes are drilled in the top part
of the tube, for the two diodes (660 nm and 940 nm) and two
holes in the bottom part for the Photodiode. The electronics
are set up on a lab-board. It's built by connecting the
Photodiode of the sensor to an amplification circuit.

The following instruments have been used to power the
electronics and to measure the result:

e 1 multimeter Fluke 45 dual display multimeter

e 1 oscilloscope HAMEG 60 MHz HM604

e 1 power supply D2510.

G. Design Process Overview
Due to the dearth of sensors in the market, it was required to
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attempt reverse engineering to construct a signal that will
be similar to that expected to be received by the circuit.
Under this objective, the circuits required can be broken
down into certain parts.

Design Flowchart

. Verify
Oscilloscope Signal
Excitation Constructed | Amplification /
Circuit Sensor Circuit —
DAQ
Oscilloscope Card
Probe and Circuit Construction v
Data
Computer Analysis &
Evaluation

Fig 7: Flow Chart

H. Complete Probe and Circuitry Prototype
Construction

The pulse oximeter design consists of LED excitatory
circuits as well as photodiode sensory circuits; the
receiving circuits convert the red and infrared light
currents into voltages which can then be observed using
an oscilloscope. Signal voltage data is then recorded and
post-processed in excel in order to obtain blood oxygen
saturation levels. The approach can be broken down as
follows:

1) Two light emitting diodes (LEDs), of red (600 to
750 nm) and infrared (940 nm) wavelengths
were directed at tissue and activated by an
excitatory circuit.

2) The light emitted from the LEDs were
transmitted through the skin and detected by two
photodiodes. An infrared rejection filter
photodiode was then placed across from the red
LED in order to detect transmitted red light and
prevent infrared light interference. Similarly, a
visible light rejection filter photodiode was
placed across from the infrared LED with similar
intentions.

3) The two photodiodes were then connected to a

trans impedance amplification circuit that

converted the current to an appropriately-
enhanced voltage signal.

1. Amplification

The pulsating changes in transmitted light through the
patient are very weak, and so the analog signal output of
the frequency to voltage stage is also very small in
amplitude. Therefore, a high gain amplifier stage is
required to provide a suitable waveform. The high gain of
the circuit requires that it also be immune to
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environmentally induced noise.

Infrared Photodiode Transimpedance Amplification Circuit

C1=0.001 uF

Rf=40 KOhm

R=1 KOhm

C©f=0.001 uF

Ri=40 KOhm
A

Red Photodiode Transimpedance Amplification Circuit
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Fig 8 and Fig 9: Trans impedance Amplification Circuit

The above two circuits were implemented. Red and Infra-

red emitters and detectors were implemented into separate
circuits

IV. EXPERIMENTAL DATA OF OXYGEN SATURATION
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Fig 10: Thickness vs. Output Voltage

A. Result Analysis

Unfortunately, the devices available in the market here
are not appropriate for the circuit. Hence proper output
was never recorded in this channel. However, we
conducted reading based on paper thickness and tabulated
it. A positive correlation was observed in this data
analysis.

V. CONCLUSION

In this project we tried to ameliorate the overall
performance of a oxygen saturation monitoring system.
The entire architecture is implemented which successfully
reads output through the DAQ card and displays it in soft
real time. The purpose of the project was to enhance the
real time properties of the display of human physiological
variables and that has been successfully implemented and
recorded.

To extend its application, it will be possible to use the
same channel and feed the input into the DAQ card which
in turn will provide the digitized input to the Linux
computer. Real time Linux can be used in this project
without any further modification the input into the DAQ
card which in turn will provide the digitized input to the
Linux computer.

Real time Linux can be used in this project without any
further modification.
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