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Arterial Oscillations in Blood Pressure Measurement
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According to the World Health Organization (WHO), 43% of the population in Pakistan aged between
30 and 79 have hypertension [Iil] To control and treat hypertension, it is imperative to regularly
monitor blood pressure. There are various methods to do this, the most common being the auscultatory
method, where a listener uses a stethoscope to hear distinct Korotkoff sounds. Another method called
the oscillometric method, which relies on the physics of arterial oscillations and is used in modern
electronic blood pressure machines.

The heart acts as a pump that beats in a rhythm of contracting and relaxing, pushing blood through
the body in a pulsing wave. This blood carries the pressure wave into the arteries, which are elastic
tubes that can stretch and compress like rubber. The behaviour of these arteries is determined by the
transmural pressure, which is the difference between internal and external pressure.
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Initially, upon inflation of the cuff to an appreciable pressure, the transmural pressure becomes negative
as the external pressure exceeds the internal pressure. The brachial artery is shut and we effectively
obstruct any blood flow.



As we start to release air, the pressure in the cuff starts to decrease. A point comes, as the heart
contracts and pushes blood out, where the internal pressure in the artery momentarily becomes greater
than the cuff pressure. The transmural pressure becomes positive at this point. The artery snaps open
and immediately collapses again. These small, rapid changes are transferred to the cuff and we start
to observe oscillations.

The cuff continues to deflate and the pressure in the cuff becomes nearly equal to the average pressure
in the artery. The transmural pressure is now approximately zero. At this point, the artery shows
maximum distensibility, which is a measure of how easily a vessel can be stretched. Even small
changes in blood pressure lead to maximum stretch in the artery’s walls. This creates maximum
oscillations.

Finally, as the heart relaxes, the internal pressure is at its lowest. However, as the pressure in the cuff
also continues to decrease, the transmural pressure becomes positive. The artery is now fully open
and is least distensible. The blood flows with least resistance and the oscillations are at their lowest.

Today we are going to use this method to see how these arterial oscillations contain much more
information than just a simple pressure reading. Through this process, we will develop important
computational skills and learn how to extract meaningful data from complex biological signals.
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Figure 1: In the period between the systole and diastole, the pulsating blood flow periodically fills and
empties the artery. The elastic artery and can expand or compress in response to blood flow. This
subsequently compresses and decompresses the air in the cuff.

To observe these arterial oscillations, let’s look at what we need:

1. PhysBP (developed by Qosain Scientific) 4. Tube
2. Laptop/PC 5. Power supply
3. Cuff 6. USB-C cable

Inside the PhysBP, we have two pressure sensors as shown in Fig. E One is a pre-calibrated sensor
called the PhysBar. This pressure sensor is interfaced with a circuit that cleans the signal and produces
a digital signal that is read by the PhysLogger, a data-logging software. A typical output can be seen
in Fig.B (top).
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Figure 2: The picture above shows (left) general experiment setup and (right) schematic diagram
shows the internal working of PhysBP. In the schematic diagram, A is the cuff pressure from PhysBar,
B is the output from PSG010 sensor and B’ is the filtered signal.

M

(1oy) sunssald

“ Time(s) *

(A) aBeijop,

(A) eBeyop

: Time(s) §

Figure 3: The graphs shows: (A) cuff pressure read by PhysBar, (B) output from PSG010 sensor in
the form of voltage and (B') filtered output from PSG010 sneosr in voltage.

The other sensor is a PSG010. This sensor produces a voltage B proportional to the pressure. The
output from PSGO010 passes through a sequence of filters that passes signals in the 0.5-7.2 Hz range
produces a gain of G ~ 70 can be seen in Fig.E (bottom). The complete circuit diagram can also
be seen on the website. The output before filtration and amplification can be seen in Fig.§ (middle).
Note that this is in voltage units. Therefore, in order to convert this unfilltered, unamplified voltage
into pressure, we can compare the pressure A read from PhysBar and the voltage B, that is produced
by the PSGO010 path, and deduce a calibration factor for this path.

Remember that the pulsatile flow of blood in the artery is compressing and decompressing the air in
the cuff which deflating after reaching a certain pressure. The overall pressure measurement during
the deflate cycle will therefore look like a slowly decreasing quantity with tiny oscillations riding.



In order to analyze these tiny oscillations riding on top of our signal, we pass the signal through a
combination of low-pass and high-pass filters. The band-pass filter comprises of electronic components
that allow frequencies within a certain range to pass through while blocking the other frequencies. The
filter picks out the allowed frequency oscillation part from the slowly varying frequency cuff voltage
range. These oscillations are then amplified and routed to PhysLogger.
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Procedure:

Start by setting up the apparatus. Make sure everything is well-connected. Open the Physlogger
Desktop software as shown in the Appendix.

Deflate the cuff to make sure there is no pressure build-up. Now wrap the cuff tightly around your
or your lab partner’s arm above the elbow. Press the Inflate button and just relax and observe the
beautiful oscillations appear on the screen.

Once you think you have recorded enough data, save it in a table. Now you can move onto processing
this data in any programming language of your choosing.

Remember to properly deflate the cuff before each reading!

What does the data say?

[A]. The Fourier Transform
A very important tool we use to analyze digital signals is the Fourier Transform.

Biomedical signals are often composed of many different sinusoidal waves added together. These waves
can be of different frequencies and amplitudes. The Fourier Transform takes your signal from the time
domain and transforms it into the frequency domain, letting us to see the amplitude of different
components.

This basically means it breaks the signal apart and shows you which individual frequencies are inside
it. In Fig.s and p you can see a simple picture of how this concept works.
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Figure 4: The signal on the left is made up of three sinusoidal waves of varying frequencies and
amplitudes.
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Figure 5: The Fourier transform has given us three peaks, each of which corresponds to the constituent
wave which makes up our signal.

[Q1.] As you may now understand, these oscillations are made of many frequency components too.
By implementing the Fourier Transform on your data, explore these components and understand what
each one represents.
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Figure 6: The graphs shows (left) is output from PSGO010 sensor having different frequency components
and ( right) is the Fourier Transform of the signal showing constituent elements which makes up the
signal.
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[Q2.] Compare the data from PhsBar A and the
PSGO010 sensor B to calibrate the sensor B data
into pressure. Find the calibration factor and
convert voltage B into pressure B.

(Note the signal B is coming after first amplifier
with gain G ~ 11.6.)

[Q3.] Use this information, (i.e the calibration
factor from Q2 as well as the gain 70 in the B’
channel) to mark the pressure readings in the
oscillations, this converts the voltage B into
pressure B'.

(Note the signal B’ is coming after amplification
with gain G ~ 70.)
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Figure 7: The graphs shows: (A) cuff pressure
read by PhysBar, (B) output from PSGO010 sensor
in the form of voltage and (B’) amplified filtered
output from PSGO010 sneosr in voltage.

[Q4.] Now, when you have the oscillations data B’ in pressure form, you may notice that as the
pressure inside the cuff increases the arterial oscillations starts disappearing. What could be the rea-

son for that?

[Q5.] From this point onward, we are only concerned with the meaningful range when the cuff starts
deflating. Slice the data to obtain meaningful range thus avoiding unwanted peaks.

[B]. The envelope

Another tool we often use in signal processing is

called the envelope. It is a curve that outlines the

variations in the amplitude of a signal.

[Q6.] Find the peaks in the data from experiment

and create an envelope outline the oscillations in
the signal.

To help you practice creating an envelope, extract

data from your experiment and the Python code
provided to you and available in the Appendix.
First, you will find the peaks in the signal then

spline fit those peaks to create an envelpe. This is

just one of the many ways you can create an
envelope.
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Figure 8: The graph illustrates the steps for en-
velope generation: (top) signal, (middle) peaks
detected in the signal and (bottom) envelope cre-
ated by spline fit over the detected peaks.



[QT7.] See where the envelope reaches the
maximum peak of pressure. This will be an
estimate of the mean arterial pressure
(MAP).

[Q8.] Now, find where the amplitude first
reaches 0.55 times the MAP before the
maximum peak. This is known as systolic
blood pressure (SBP).

[Q9.] Similarly, find where the amplitude
first reaches 0.82 times the MAP after
maximum peak. This is known as diastolic
blood pressure (DBP).

[Q10.] Map the SBP and DBP with their
respective cuff pressures. Can you estimate
what was the blood pressure of the person
from the data?

(Note: Make sure only the required peaks
MAP, SBP and DBP are shown in the

graph.)

[Q11.] Can you find the shape index of
envelope within the meaningful range?
(Hint: Scale the SBP and DBP time values
as 0 and 1 respectively, and try to estimate
the corresponding MAP value.)
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Figure 9: In the illustration: (top) is cuff pressure
and (bottom) is arterial pressure. The MAP, SBP
and DBP are clearly marked in the graph and their
respective cuffl pressures are mapped as well.
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Figure 10: The shape index of envelope is shown in
the graph by scaling the time axis.



Appendix

1 # Following is the helping code to detect peaks in your data.

# St

from
from

#Ste
# ad
peak
pks_
locs

# St
# 'e
inte
up4

#Ste
plt.
plt
plt
plt

plt
plt
plt
plt.
plt
plt.

# Follow

#Ste
data.
samp

# St
N =
fft_
freq
mag

#Ste
PO8
freq
mag

#Ste
plt.
plt
plt
plt
plt
plt
plt.

ep 1: Import all the essential libraries.

scipy.signal import find_peaks
scipy.interpolate import PchipInterpolator

p 2: Find the peaks in your data.

justing the value of 'prominence' helps with peak identification
s_idx, _ = find_peaks(voltage_hpf_v, prominence=0.2)

4 = voltage_hpf_v[peaks_idx]

_4 = time_s[peaks_idx]

ep 3: Interpolate for the upper envelope using 'pchip'
xtrapolate' allows the spline to cover the full range of time4
rp_func = PchipInterpolator(locs_4, pks_4, extrapolate=True)

= interp_func(time_s)

p 4: Plot everything.
figure(figsize=(30, 6))

.plot(time_s, voltage_hpf_v, label='Signal', alpha=0.7)

.plot(time_s, up4, '-', label='Envelope')
.plot(locs_4, pks_4, 'o', label='Peaks')

.title('Arterial oscillations with envelope')
.ylabel('Voltage/V")
.xlabel('Time/s"')

legend ()

.grid (True)

show ()

ing is the helping code to apply Fourier Transform on your data.
p 1: Set the sampling rate same as the rate at which you have taken the
ling_rate = 100

ep 2: Perform FFT on selected signal
len(voltage_v) # Let the signal is voltage_v
result = np.fft.fft(voltage_v)

= np.fft.fftfreq(N, d=1/sampling_rate)

= np.abs(fft)

p 3: Keep only positive frequency components.
freq_idx = freq >=0

= freql[pos_freq_idx]
= mag[pos_freq_idx]

p 4: Plot the frequency components
figure(figsize=(10, 6))

.plot(freq, mag)

.title('Fourier Transform on Signal')
.ylabel('Voltage (mV)"')

.xlabel ('Frequency (Hz)')

.grid(True)

show ()



1. Download the Physlogger app from https://qosainscientific.com/physlogger-desktop/

2. From the community template section of the above given website, download the PhysBP template.
You will have two such files downloaded. Copy these files.

+  Documents »  Physlogger > Communityfemplates  »  Physapz

5. Open the Physlogger App from Desktop. Select Explore.

| want to

Exﬁ)re


https://qosainscientific.com/physlogger-desktop/

6. Select PhyBP’s icon and click continue.

Arterial oscillations with PhysBP

This tempéate seis up a basic mterface for Cosain Scentific PhysBP device, It plots the biood
cscillabons &nd pressure against tme and implements 3 iog 1o latch the mechanical pump on a
push button for infiaton &t & fixed pressure,

The maln guantities created are:

1. Arterial Ciscillations, high- pass filter output from the pressure sensce,
2. Cull Pressure, caBbrated cull prassure reading

3. Pump power, push button [ateched output For the air pump tigger

4. Inflated Condition

The defaults ase:
1. Maximur inflation pressure: 180 tor
2, Fitter threshoid far pressure output: 3 hz

Defaut pinout is:
Analog input cnannel D - High pass filter autput
Analog autput channal A - Pumas powes

Required Devicas:
1% PhysBar

Goback

PhysBP

7. An interface like this will open. You can see that it includes a pump and two live plots for pressure
and voltage readings.
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8. To include a third live plot for the raw voltage, click the highlighted icon. It will create an empty
plot.
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10. Click the Quantities icon and drag and drop your desired quantity to the y-axis of the plot.
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11. For this experiment, you can set the sampling frequency to 25Hz. This is not compulsory and you
can certainly go above this value, but a low sampling rate reduces the noise in your data.
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To do so, click the quantities icon and select the quantity Time

sampling rate.

EPIT-; sLogger
_g ;ﬁme

i Voltage Input A
—— Vi A

Voltage Inpul B
Vi B

Woltage Inpul ©
— VinC

@ ‘Voltage Inpul D
— VinD

ﬂ Valtage Output A
= | VoA

% ‘Voltage Oulpul B
« | VoB

Measurelab Display
=) mid

. There you can choose an appropriate

Time setup

Sampling Frequency 50 Hz

25Hz
20 Hz

12. You can also change the format of the numbers displayed and saved by clicking on the Options

icon on the top right.

G

Preferences Minimize

X

Shut down

Fie

Preferences

Display significant figures 6

Significant igures in files &

Display number format (t.u?Buu = 1.8789, 123456712 = 1234567 125, 0.00123 = U.}Jtza

167800 = 1.6789, 1234567 1 2 = 1.23458TM, 000122 = 1.23m

1.67890 = 1.678900, 1234567 12 =1.23456826, 0.00123 = 1.2300008-3

Number format in files | 1.67890 = 16789, 1234567 12 = 1234567 125, 0.00423 = 0.90123

1.67890 = 1.6789, 12345671 2 = 1.234587M, 0.00123 = 1.23m

1.6TEG0 = 1ATEA00, 1234567 12 =1.23456826, 0.00123 = 1.2300008-3

Restore Defaults

13. To start the pump, make sure the pump icon is set to enabled. Then just click Inflate.
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