Laboratory Kit for Pulse Oximetry
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Abstract—The paper deals with design and realization of
a laboratory kit for pulse oximetry. The designed laboratory kit is
_)| COUNTER

a unique device that allows showing inner oximetry raw signs. OSCILLATOR

It enables to study principles of pulse oximetry and methods VOLTAGE REGULATOR
for processing of oximetry signals. The device is usable botfor
research and educational purposes. LED (_| |
DRIVER l~
. INTRODUCTION ) — A

At present the pulse oximetry is a commonly used non- AMBIENT | M
invasive method allowing the monitoring of oxygenation of | proge 3| ™V L3l Leur |4
blood and having very wide area of use. The principle of pulse AMPLIRER ZEROING 3
oximetry is based on the fact that reduced haemoglobin and > S/H
oxygenated haemoglobin have different absorbance on i éd an
infrared wavelengths [1]. Y

The currently most frequent applications of pulse oximetry | DISPLAY |<_ | INVERTER bl FILTER BP: 0.5Hz - 5Hz —t
are applications in intensive care, mainly continual maniig
of oxygen saturation in intensive care units as a prevertfon LED ¢ FILTERLP: 05Hz  |—
severe hypoxemia, monitoring during the invasive proceslur up ¥
and monitoring during and after anaesthesia [2]. INVERTER EILTER BP: 0.5H2 - 5Hz

Another application of pulse oximeters in hospitals is uni-
versal surveillance for early recognition of patient dietetion ITl(_) € FILTER LP: 0.5Hz

in postoperative care. It was shown that universal oximetry
surveillance reduced need for patient rescue and intenaiee
unit transfers [3].

In last decades the pulse oximetry has gained wider ulitiza-
tion. Pulse oximeters are used not only in hospitals, but al
in homecare. Typically, pulse oximetry is used for monitgri
of sleeping hypoxemia caused by Obstructive Sleep Apnea
or Sleep Apnea Hypopnea Syndrome [5].

Fig. 1. Block Diagram

ﬁaemoglobin. The presence of other types of haemoglobin
ga?rboxyhaemoglobin and methaemoglobin) produces wrong
lues of oxygen saturation [9]. The effect of methaemaiglob

Pulse oximeters have also many applications in speciabty ere d|scus_se_d for example in [10] and the effect of carboxy-
of medicine such as aerospace medicine [6]. aemoglobin in [11]'_ o ) ) )

The modern and very interesting utilization of pulse oxime- 1here are many limitations in pulse oximetry which lead
try are telemedicine applications such as Global Pulse ®xin{0 inaccurate values of saturation [1]. The most important
try Project [7]. This project is a project of World HealthOnes are motion artifacts and amblent Ilght_. The e_ffect of
Organization (WHO) focused on improvement of the qualitg'”'ta“Ons could be decreased using proper signal praegss
of anaesthesia care globally by looking at ways how to develdhe most frequently used methods of processing of pulse
affordable, robust pulse oximetry devices for operatingme OXimetry S|gnals_ are digital f||ter|ng, wavelet decompiosit
in the developing world. The part of this WHO project is als§nd autoregressive (AR) modelling [12].

a project Wireless Pulse Oximeter on a Cell Phone (iPleth) [8 For the full comprehension of pulse oximetry principle and
for safe perioperative care in Uganda. properties of oximeters it is necessary to study the sensing

Standard pulse oximetry uses two wavelengths (red afgghniques, oximetry signals and the methods used for exime
infrared) for measuring tissue light transmission. It nsearry signals processing.
that the standard oximetry is able to recognize only two Standard oximeters are designed as small devices able
different absorbers in blood, oxyhaemoglobin and reducéal display only the oxygen saturation and the heart rate.



Pulse Oximeter USB Module

oc | SpO, (%

95

RATIO 0.612

Hardware Gain

—— [ [ [

l%v Change USB Device L;LBF’ Send via UDP *)}) Sound . Hlstory 7 egend *Cﬂllbratmn

USB Device: USBE Pulse Dximeter Data logging: OFF File Path: [CHANGE] c:\Documents and Settings\xhavlikj\D okumenty\¥puka\Bakalafské price Jan Dvorak. 2009

Fig. 2.  Main Window of Application

Oximeters built in more complex devices such as monitosggnals in both bands. Monitoring these signals is impdssib
of vital functions are often able to display also the photawith standard oximeters. The designed laboratory kit has to
plethysmographic curve. Unfortunately there is no charfce allow both direct monitoring of signals using oscilloscapel
displaying the inner signals needed for comprehensionf trecording of signals to a PC for successive processing.
function such as raw signals from the red and infrared sensor Due to the unequal finger absorbance with different patients
and pre-processed oximetry signals. This is very incorargni (which is mainly caused by different thickness of probed
for understanding pulse oximetry principles. finger) and also due to the changes of ambient lighting, the
Due to described features of standard oximeters, a new pulive circuits has to allow changes of the LED current.
oximetry laboratory kit has been designed. This kit allows For the wide usage in laboratories and lectures it is appro-
monitoring of all crucial signals and values in real-timelanpriate to be able to use the kit both as a stand-alone equipmen
records them to a PC for future processing. for direct monitoring of the signals and as a slave device for

monitoring and recording the signals to a PC.
Il. METHODS

The main task is to design and to realize the laboratory Il REALIZATION

kit that allows detailed investigation of oximetry printdp The laboratory kit is realized in a form of two printed
and properties of oximeters and illustrative educationhia t circuits boards — the main board consists of all necessary
medical equipment oriented seminars. For easy undersigndiircuits (power supply, LED driver, input amplifiers, sam-
of pulse oximetry it is important to describe four items: thele/hold circuits and filters, processor unit with integ@chd/D
physiological principle of oxygen transport in blood, sidgiin  converters and USB interface and seven-segment display), t
a few points of the pulse oximeter, the principles of oximetrsecond one includes a LCD display. The display board is not
signals processing and the calculation of required valtres (required for the function of oximeter, but it is appropriéde
oxygen saturation and the heart rate) and finally the effect stand-alone use without a PC for more transparent display
hardware set-up parameters like amplification and filtrabb of the results. The block diagram of the device is shown in
signals on the output values. Figure 1.

The most interesting signals in pulse oximetry are the drive The main board is designed with distinctly separated func-
signals for red and infrared LED, the raw signals from th&on blocks. The board contains a lot of test pins allowing
detector in the red and infrared bands and the pre-procesdadct monitoring of the important signals with an oscitope.
red and infrared signals - separated DC and AC part bfenables students to investigate all commonly inacctssib
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Fig. 3. Final Realization

signals in detail. Users can monitor the whole signal patp stsaturation (Spg@ and hearth rate (pulse) are continually

by step from the LED drive signals to the input of the A/Dromputed.

converters. The application also allows to set up hardware parameters
For brief displaying of the pulse oximetry output valuesuch as red and infrared light intensity and gain of pre-

(oxygen saturation and the heart rate) and basic configaratamplifiers.

parameters, the main board is equipped with a four digit For further processing of signals, the application is able t

seven-segment display. Detailed parameters can be dégplagtore sensed values of red and infrared DC and AC signal to

using the expansion board with character LCD display dard drive or memory storage. Example of 500 stored samples

in a PC using the supporting application. The applicatid@bout 5 periods of signals) are shown in Figure 4.

allows not only displaying the output values and configorati The application is also able to send samples via UDP

parameters but also displaying the pre-processed signedsli packets. It means it is possible to measure with one oximeter

and infrared bands, and changeing all configuration paensetconnected to a PC and to show the signals in other PCs in

and selecting the methods for computing output values. network. It is only necessary to know IP address of PC with
For better transparency, each block of the main board agimeter.

marked with a label showing its function. Final realizatisn ~ Finally, the application allows changing the convert fimct

shown in Figure 3. between normalized ratid? (which is measured in pulse
Hardware realization is supported by a software applicati@ximery in fact) and oxygen saturation Sp@hich is dis-

for Windows based PC (the main window of application iglayed.

shows in Figure 2). The application can display red and

infrared DC and AC signal in real time (two signals in left

upper part of window). These signals are parameterized and'he presented laboratory kit is the unique requisite which

total maximums and minimums are labeled. Values of oxygatiows describing the theoretical principles of pulse ocaim

IV. CONCLUSION
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Fig. 4. Example of Signals

and the design principles of pulse oximeters very easy. Th] N. Wiltshire, A. H. Kendrick, and J. R. Catterall, “Homeximetry
kit is designed both as a research instrument, as a labgrator Studies for diagnosis of sleep apnea/hypopnea syndroméation of

module for independent student works and as a demonstration

tool for lectures.

raw signals to a PC. It is not the primarily intended purpos
but it extends the possible usage. For instance, the oxime

kit could be used as a part of a polygraphical recording @evic
The presented laboratory kit has been used in laboratorié®
of medical equipment at the Department of Circuit Theory

(6]
Furthermore the oximeter can be used for recording of the

7]

Faculty of Electrical Engineering Czech Technical Unigrs (g

in Prague, at present in the courses Medical Instrumentatio

and Basics of Medical Electronics.

ACKNOWLEDGEMENT

[10]

This work has been supported by the research prograyyy

No. MSM 6840770012 of the Czech Technical University in

Prague (sponsored by the Ministry of Education, Youth arEfIZ]

Sports of the Czech Republic).

REFERENCES

[1] A. Jubran, “Pulse oximetryCritical Care, vol. 3, pp. R11 —R17, 1999. [13]

(2]
(3]

(4]

M. J. Grap, “Pulse oximetry,Critical Care Nurse vol. 22, no. 3, pp.
69-74, 2002.

A. H. Taenzer, J. B. Pyke, S. P. McGrath, and G. T. Blikenpact
of pulse oximetry surveillance on rescue events and intensare unit
transfers: A before-and-after concurrence studiriesthesiologyvol.

112, no. 2, pp. 282-287, 2010.

R. Golpe, A. Jimnez, R. Carpizo, and J. M. Cifrian, “Uiliof home
oximetry as a screening test for patients with moderate ieree
symptoms of obstructive sleep apne8LEER vol. 22, no. 7, pp. 932
— 937, 1999.

[14

[15

]

]

memory storage capabilitiesCHEST vol. 120, no. 2, pp. 384 — 389,
2001.
J. L. Wagner and K. J. Ruskin, “Pulse oximetry: basic pipfes and
applications in aerospace medicinéyiation, Space and Environmental
Medicine vol. 78, no. 10, pp. 973-978, 2007.
“Global pulse oximetry project,” World Health Organtizn, 2010,
URL: <http://www.who.int/patientsafety/safesurgery/pulsgimetry/en/
/index.htmb>, [2010-06-29].
“Pulse oximetery on a cell phone (ipleth),”
Computer  Engineering in  Medicine, 2010,
<http://ecem.ece.ubc.ca/research.htm#iPletf2010-06-29].
S. J. Barker, J. Curry, D. Redford, and S. Morgan, “Meament of
carboxyhemoglobin and methemoglobin by pulse oximetry:uendn
volunteer study,”Anesthesiologyvol. 105, no. 5, pp. 892-897, 2006.
S. J. Barker and K. K. Tremper, “The effect of carbon mxide
inhalation on pulse oximetry and transcutaneous pé2gsthesiology
vol. 66, no. 5, p. 677679, 1987.
S. J. Barker, K. K. Tremper, and J. Hyatt, “Effects of hrehoglobine-
mia on pulse oximetry and mixed venous oximetmihesthesiology
vol. 70, no. 1, pp. 112-117, 1989.
S. G. Fleming and L. Tarassenko, “A comparison of sigmalcessing
techniques for the extraction of breathing rate from thetgplethys-
mogram,” International Journal of Biomedical Scien¢egl. 2, no. 4,
pp. 232-236, 2007.
J. G. WebsterMedical Instrumentation — Application and Desigdohn
Wiley and Sons, 1998.
E. L. LLC, “Understanding continouos mixed venous oeggsaturation
(SvO;) monitoring with the Swan—Ganz oximetry TD system,” 2002,
URL: <http://ht.edwards.com/resourcegallery/products/gaan/pdfs/
/svo2edbook.pdf, [2010-01-22].
“A  technology overview of the Nellcor OxiMax pulse
oximery system,” Nellcor Puritan Bennet Inc., 2003, URL:
<http://www.nellcor.com/Catalog/PDF/Product/OxiMaxTechNote.pdf
[2010-01-22].

Electrical
URL:



