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ABSTRACT

Photoplethysmogramm signal is one of the informational signals that de-
liver the status of the cardiovascular system. Thus in this paper we are
interested in locating the various segments and waves helping to extract
thisinformation. The work is summarized by a set of algorithmsthat were
developed to identify the peaks and valleys and the period of the signal
photopl ethysmogramm to measure heart rate, the dicrotic notch locate and
assess the variability of the value average of the signal. These properties
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are of interest diagnosis, for assessing cardiovascular disease in different
cases. Thus, these algorithms weretested on a set of signalsfrom different

healthy subjects.

INTRODUCTION

Historicaly, the spectral andysiswas applied byl
3 in order to andyzethe pul sate component.

On the other hand, the use of time technique to
extract information carried by the signal
Photopl ethysmogramm (PPG) was addressed by!*5.

Thug®® havetried to corrd ate the extent PPG sig-
nal with blood pressurewith theaim of automatic mea:
surement of blood pressure by theoscillometric method.

Further work isdevel oped to detect cardiovascu-
lar physiological datafrom themorphol ogy of the PPG
signd. They includethoseof!¥, and thosewho used this
signal for determining the heart rate*. The study of
these parameters was made on an experimenta basis,
based on measurements by hand. The use of thema-
chineisoften more secureand offersgrester precision
inthisfidd.
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Theinvention of calculating machinesand software
developedinthefield of signal processing havefacili-
tated the search because we have acomputation time
too short, storage space very important, thenitispos-
sbletordiably andyzethetimedomain and frequency
or time-frequency signd PPG

Itisinthese perspectives aset of algorithmsare
devel oped to detect parametersthat can describethe
cardiovascular statusof thetopic.

The agorithms are developed based on rules
changed by the programmer; it can change so asto
improvetheir performance.

MATERIALSAND METHODS
To enable a comprehensive and effective

photoplethysmogramm signdl, aset of parametersde-
scribingthesignd, aredescribed below andrdlatemainly
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photeplethysmogramm signal
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Figure5: Evolution of the ar ea of the PPG signal asafunc-
tion of time

tothewavereflectingthe systolic arteria pulse, thelo-
ca maximaand valeysdefining themorphology of the
sgnd andtheidentification of thedicrotic notchreflect-
ingthereverseflow inthearteries.

A set of dgorithmsare devel oped and implemented
to detect the systolic wave, local maximaand valleys,
dicrotic notch and detection of these parametersledto
the ability to Heart rate and the area bounded by the
photoplethysmogramm signal curve (Figure 1).

Early detection of systolicwave

Thisagorithm alowsthedetection of zero crossing
photoplethysmogrammsignd.

Itwill besubsequently used for determiningthevaue
of instantaneous heart rate and the area bounded by
the curve signal PPG, After |oading of thesignal, the

Figure2: Thepeak detector and theperiod detector
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Figure4: Dicrotic notch detector and period detector
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Figure6: Instaneouscar diacrhythm valuesasafunction of
time

signal isfiltered through ahigh passfilter that can be
used to restorethe DC component of PPG signal. Af-
ter filtering photoplethysmogramm signal by ahigh pass
filter 0.05Hz thesignd iscarried by the zero (removing
the DC component).

Thisoperationisrequired for theearly detection of
systolicwave, for againg theaveragesignd without high
passfilteringisuseful asareferenceto the detection of
local maxima, valeysand thedicrotic notch.

Each zero crossing will beindicated by making a
pulse.

Recovering theindicesof these pul ses, wewill find
the tart of each systolicwave.

The sameagorithm, with changesto the original
terms, isused to detect the peaks, valleysand the di-
crotic notch.
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Detection of local maxima

Thisalgorithm describes how the detection of local
maxima, by setting thefollowing conditions:
a. Thesgnal must behigher than zero
b. Thefirst derivativeof thesigna must beequal to

zero

Thecounter 2 putsaonein each column that checks
these conditions, which will givethevector detector
peaks.

Theindiceswhich contain onecolumnused for other
gpplications (ca culation of thevelocity of blood, or the
PTT: timefor the propagation of arteria pulse).

Detection of the valleys

Thefollowing agorithm describesthe stepsto de-
terminethevalleysof the PPG signa. The conditions
ae

Thesigna must bebelow zero and asampleof the
signal must belessthan the samplethat follows, which
precedesit.

A counter 3storesonein each cdll that verifiesthese
conditions.

Theindicesof these addresses represent oneval-
leys contai ned within the peak-peak.

Detection of thedicrotic notch

For the detection of thedicrotic notch, two counters
are used in our program: onefor the detection of the
peak and the second peak successor to detect.

The determination of these peaksisnecessary to
limit therange of detection.

Thedicrotic notchistheinflection point just before
the peak in the lower part of the curve (below aver-
age).

Theproposa was madeempirically, based on study
quditative Photoplethysmogrammsignal.

Theagorithm first determining the peak isbased
onthefollowing conditions: Thesigna must bebelow
thezero of thesgna andthefirs derivativeof thesigna
must beequal to zero.

A counter3 stores 1 in each cell that verifiesthese
conditions.

Theindicesof these cells containing 1 represent
addresses of peak includein theinterval peak to peak.

The second detector isbased on thefirst and set-
ting theconditionsbel ow:

a. Theindex of the loop i, must be located in the

interva[indices (counter2) indices (compteur4)] by
incrementing the indices of the vector indices
(counter2);
b. Thesigna must bebelow zero.
c. Thezerocrossing of second derivativesigna indi-
catestheinflection point of the curve.
It part of the curve should beincreasing.

Calculatingthearea of thecurvebounded by the
signal PPG

It ismainly used to determinethe stroke volume
through the curve of the arteria blood pressurewhich
hasthe same profile asthe Photoplethysmogramm sig-
nal. Theareabounded by the curve PPG isdetermined
by thetrapezoidal integration method. It can be sum-
marized by:

Calculation of the surface between two successive
vaues(samplesof thesignd), linking thesetwo vaues
and congtitutes asegment atrapeze.

Vaueof thisareaistheinstantaneousva ue.

Area (i) =(sum(signal) - (signal (i) + signal (i-1))/ 2) * h;

Ashisthestep.

Theareaof each signal isthe sum of thesevalues
between the two defining a period obtained from the
detector period.

Calculating heart rate

Therateiscalculated by the samemethod that the
area, thus.
(1) Fixed-interva cd culation using thedetector period.
(2) We apply the equation of heart rate
Rhythm (i) =round (60/ (t (indices (1 w) - t (indices(w)))

Asevidenceindices, isthevector containing the
vauesof theindicesindicating the start of each period
of thesignal.

t: time, w, i: loopindex caculation. (i=1..length
(signa)) and (w=1..length (indices)).

RESULTS

Figuresshowstheresultsobtained with thosea go-
rithms, notethat the areais calculated over alimited
periodonasignal.

Separately we obtain theresultsbel ow infigure 2-
7, detection of peaks, valleys, dicrotic notch, area
bounded by photoplethysmogramm curve and
Instaneous cardiac rhythm.
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DISCUSSION

Thesmplicity of instructionsused to develop algo-
rithms, result very small execution time (total 50 ms)
compared with other methods.

Pulsetrandt timecanbeeasly calculated, after early
systolic wave detection.

Theadvantageof thiswork isinthemultiparameter
identification, which guideto evaluate somecardiovas-
cular pathology. These parameters can be used in sev-
eral instrument based on photoplethysmogramm signa
identification, asoin softwarewe canimplement an a-
gorithmwhich hel pusto photopl ethysmogramm class -
fication.

The presented dicrotic notch detector have been
tested over 732 beat , the delineator performed well
with theerror rate 5.43 %, sensitivity 95.31% positive
predictivity 99.45%.

Thisresult well in comparison of other derivative
method by useinflection and zero-crossing points,
and thederivative of thesignal to locatethedicrotic
notchwiththeerror rate 6.83%, sensitivity 96.53% and
positive predictivity 96.64%.

CONCLUSION

A set of agorithmsisimplemented and tested on
different samplesof photoplethysmogramm signals of
different subjects.

Theevaluation of the detector ismadeof digitally
comparing the number of pulsesof detector’s counter
(peak, dichrotic notch) to that given by the counter of
theperiod.

Thesea gorithmshavefacilitated the task for de-
termining theval ues of theinstaneousheart ratevalue
andtheareawnhichisproportiond tothevolumegected
during each period.

Thetota timefor theexecution of programsdevel -
opedin MATLAB and based onthese algorithms, did
not exceed fifty seconds for about fifteen thousand
samples.
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