
  

  
 Abstract—A high fidelity mannequin for training medical 
personnel in diagnosing Myocardial Infarction, a manifestation 
of the epidemic cardiovascular diseases in India, is being built 
to suit Indian diagnosing and treating methods. Emergency 
doctors use a sphygmomanometer to measure Blood Pressure 
even though an automatic basal monitoring system is in place. 
This paper describes hardware in the mannequin to allow the 
use of a sphygmomanometer to measure BP, the setup to 
generate and play the blood pressure sounds and the software 
for determining the BP value for the patient case under study.  
 Keywords-High-Fidelity Mannequin, Blood Pressure, Korotkoff 
sounds, Sphygmomanometer, Auscultation, Cardiovascular 
Simulation 

I. INTRODUCTION 

Myocardial Infarction occurs when the coronary blood 
circulation is interrupted, causing permanent damage to the 
heart.  The extent of irreversible damage can continue for 
two to six hours after a heart attack, making it imperative to 
identify and treat MI promptly. A high-fidelity mannequin is 
being developed to train doctors to recognize MI and treat 
appropriately.   
Blood Pressure (BP) is the arterial pressure exerted by the 
systemic circulation.  It is measured at the brachial artery, 
the major artery in the upper arm. The BP varies between a 
high systolic value and a low diastolic value. BP is one of 
the vital signs measured by the doctor for diagnosis.  The 
patient in the ICU is fitted with automatic basal monitoring 
system which measures BP also.  BP in this system is 
measured by the oscillometric[1] method, wherein the 
oscillations of blood flow is automatically sensed by a 
pressure sensor; a cuff is wrapped around the upper arm and 
inflated until the artery is completely occluded and blood 
flow ceases.  The cuff is then deflated slowly and faint 
oscillations are detected as the cuff pressure coincides with 
the systolic BP.  The magnitude of oscillations increases and 
then stabilizes when the blood flow to the limb is 
normalized. This method tends to overestimate systolic BP 
and underestimate diastolic BP especially in patients with 
heart and circulation problems.  The pressure sensor needs to 
be calibrated periodically to maintain accuracy. Hence 
doctors prefer measuring blood pressure by the auscultatory 
method using a sphygmomanometer. 
A cuff, attached to a mercury manometer which directly 
measures pressure in height of column of mercury, is placed 
around the upper arm of the patient. The examiner listens to 
the blood flow sound with a stethoscope placed on the 
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brachial artery at the elbow. The cuff is inflated until the 
artery is completely occluded and blood flow ceases. The 
cuff is slowly deflated, when the cuff pressure matches the 
systolic pressure, blood just starts flowing into the artery, 
this turbulent flow creates a whooshing sound.  The pressure 
at which this is heard is the systolic BP.  The cuff is deflated 
further and the pressure at which no sound is heard is the 
diastolic BP.  Experienced doctors can glean information on 
the condition of the arteries by just listening to these sounds. 
The sounds generated during BP measurement, heard 
through the stethoscope are called Korotkoff sounds [2]. 
The high-fidelity mannequin allows the doctor to measure 
BP with any off the shelf sphygmomanometer. The BP 
measured by this method, matches the value defined by the 
training scenario or intervention outcome as appropriate.   

II. METHODOLOGY   

Measuring Blood Pressure on a high-fidelity mannequin 
with a Sphygmomanometer, requires 3 separate components; 
An upper arm to wrap the sphygmomanometer cuff and 
inflate/ deflate to measure the pressure, brachial artery 
location at the elbow for listening to the Blood Pressure 
sound with a stethoscope, a back end to map the 
inflation/deflation and sounds generated to the actual 
expected BP value. 

A. Left Upper Arm Hardware 

The upper arm of the mannequin is mounted with a 
membrane-type force sensitive resistor (FSR) from 
Interlink®. The FSR® is made up of two flexible polymer 
sheets [3], one coated with FSR carbon ink, the other printed 
with interdigitated fingers that are electrically distinct. The 
FSR ink is typically screen printed from silver polymer thick 
film ink, giving rise to a surface with conducting points of 
various heights and placement. The sheets are separated by a 
spacer, which serves to both separate the two substrates and 
hold the sensor together. When the two substrates are 
pressed together, the FSR ink surface shorts the 
interdigitated circuit. The force applied determines the 
extent of contact.  The resistance between the conducting 
fingers is inversely proportional to the applied force.  This 
application uses a strip FSR of about 10 cm length, the 
length of a typical manometer cuff.  The FSR is mounted in 
a voltage divider circuit for Force-to-Voltage conversion. A 
tunable measuring resistor has been chosen to optimize force 
sensitivity. The value of this resistor is currently set at 500 
Ohm. The measured voltage is mapped to pressure in mm of 
Hg. The mapping was determined by measuring the voltage 
value for different inflation pressures, with an oscilloscope. 
The voltage value was confirmed to match the 
corresponding pressure during deflation. The mapping is 
nonlinear and can be approximated by a 5th degree 
polynomial.  
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P = 31.92v5- 165.47v4+ 324.11v3- 252.99v2+ 102.62v+ 10.1
Where P is the pressure in mm of Hg and v is the voltage in 
volts 
 

 
Figure 1.  FSR mounted mannequin arm with BP Cuff wrapped around it. 

The voltage output is given to the ADC channel of the 
Rabbit RCM4300 microprocessor. The ADC input is 
sampled every 100 ms and the pressure value measured is 
displayed. The rate of inflation/deflation is calculated at the 
beginning of deflation, from four successive manometer 
readings during the corresponding phase.   

B. Hardware for playing Blood Pressure sounds 

Measuring blood pressure is a simple two step process, in 
the first step the cuff around the arm is inflated until the 
brachial artery is completely occluded, in the second step, 
the cuff is deflated, the pressure at which blood flow 
resumes is the systolic pressure, this also marks the onset of 
sounds in the artery, heard with a stethoscope, just inside the 
elbow. The sounds occur in five distinct phases, with the 
onset of sound corresponding to systole and 4th phase or 
cessation of sound corresponding to diastole. These sounds 
are termed Korotkoff sounds [2].  
The sample Korotkoff sounds obtained from Thinklabs[4], 
stored as a wav file, is read by the RCM4300 processor and 
converted to a PWM signal.  This signal is fed to a transistor 
based RC coupled amplifier which drives a speaker 
extricated from an off the shelf headphone as shown in 
figure 2. The speaker is placed inside the arm, distal to the 
cuff placement. Sound travels better through solids than air.  
This principle has been exploited, keeping speaker volume 
so low it is not audible to the naked ear, but, ensuring the 
speaker touches the wall of the arm and placing stethoscope 
on the arm produces clear sound output for the listener. 

 
 

C. Time Modulation of Korotkoff sounds 

The recommended inflation/deflation rate for the cuff is 3 
mm of Hg per second, the sample Korotkoff sounds is 17s 
long, the sample can be played as it is for a Systole-Diastole 
difference of about 51 mm of Hg. The test cases for the 
mannequin have pressures differences ranging from 30mm 
of Hg to 55 mm of Hg, the sound needs to be scaled to 
match each of the test cases.  Simply resampling the sound 
to match the required time, scales both the time and 
frequency, thereby causing the pitch also to shift up (speed 
up) or shift down (slow down).  This would render the 
Korotkoff sounds unusable for diagnosis.  Using a 
frequency-domain based scaling technique, Phase vocoder 
[5,6] allows time scaling while retaining the spectral 
characteristics; Phase vocoder works better for polyphonic 
sounds and larger magnitude scaling (20 – 30%) than time-
domain based scaling methods.  Phase vocoder uses Short 
Term Fourier Transform (STFT) to convert the signal to a 
time-frequency domain, phase modifications are carried out 
and then inverse transformation is carried out at the modified 
time scale to the time domain. 
Psycho-acoustic experiments have established that the sound 
needs to be a minimum of 23ms long to recognize the pitch 
of the sound. At 8000 hz, 184 samples represent about 23 ms 
and would correspond to the shortest useful window for the 
Fast Fourier Transform. FFT works fastest on sample 
lengths which are powers of 2, a sample length of 256 is 
chosen instead. A large overlap for successive windows, will 
ensure better time resolution, an overlap of 128 samples or 
16 ms is chosen.   
All the calculations for time scaling the audio signal is 
written in Matlab. The original signal, sampled at 8000 Hz, 
is written to a input vector with the wavread command. The 
STFT of this signal is calculated using hanning window of 
size 256 and overlap 128 using the stft command.  The time 
scale for the modified signal is calculated. The next step is 
the crucial phase interpolation calculation.  
The phase angle for each row element of two successive 
columns is calculated.   The angle difference between 
corresponding row elements, reduced to a (-π, +π) difference 
is the actual phase advance for the original time scale. This 
phase difference is stored over the entire STFT matrix. 

Figure 2.  RC coupled amplifier playing Korotkoff sounds via speaker. 



  

The new STFT vector calculated preserves the phase 
advance for each time step while scaling the magnitude. 
Inverse STFT is performed on this calculated STFT vector 
with the istft command.  This vector is written to a wav file 
using Matlab’s wavwrite command, finally creating the 
required time-scaled audio file.   

III.  DISCUSSION 

The front end of the High-Fidelity mannequin is a GUI 
allowing the use to launch the test case and displaying the 
standard ICU monitor parameters like Pulse, Oxygen 
Saturation, ECG, Blood pressure value.  The MI Expert 
manages the GUI, communicates with the microprocessor to 
which mannequin’s sensors and actuators are attached and 
launches CVSIM [7], a lumped parameter model of the 
cardiovascular system developed at MIT, for the 
physiological parameter simulation.  
At launch, the processor continuously polls all the 
mannequin’s sensor ports. Wrapping the manometer cuff 
around the mannequin and inflating the cuff alerts the 
activation circuit which alerts the RCM4300 microprocessor 
which in turn alerts the MI Expert. The MI Expert sends the 
current BP values and Korotkoff sound file to the processor. 
The processor converts the wave file to a Pulse Width 
Modulation (PWM). During deflation, when the manometer 
pressure matches the systolic pressure, the microprocessor 
triggers the RC coupled Amplifier with the PWM, to play 
the Korotkoff sounds.  
While the rate of inflation/deflation is calculated for every 
BP measurement, the actual rate is not used to rescale the 
Korotkoff sounds duration.  Korotkoff sounds of expected 
duration is simply sent to the processor by the MI Expert 
from stored data, calculating the waveform for a new 
duration is processor power intensive and may not be 
possible to achieve while the physiological simulator also 
runs on the same machine.  The quality of the scaled 
Korotkoff sounds have not been whetted by an expert yet. 
The phase vocoder algorithm adapted may have to change 
further if the sounds do not pass expert approval. 
The same Korotkoff sounds file is used in all the scenarios, 
no information on how to modify or scale the individual 
phase of Korotkoff sounds is available, as of now.  The 
change in the intensity of Korotkoff sounds under various 
disease conditions is not documented.  The sound intensity 
modification can only be carried out with the help of expert 
advice.  The Korotkoff sound used has no physiological 
bearing, it does not reflect the age or physical condition of 
any particular case study.  Ideally, the Korotkoff sounds 
should be generated from the blood flow in the artery as 
simulated by the physiological model.  Currently, the origin 
of Korotkoff sound is debatable [8], a sound to blood 
pressure / flow mapping does not exist. 

IV.  SUMMARY  

The high-fidelity mannequin has been fitted with FSR sensor 
and speaker to allow BP Measurement with an off the shelf 
sphygmomanometer and stethoscope. The backend, MI 
Expert integrates the physiological model, CVSIM, with any 

intervention at the mannequin end. The backend determines 
the blood pressure from either the test scenario or the 
medical intervention and determines the duration of the 
Korotkoff sound to be played.  At present, the Korotkoff  

 
sound played has no physiological mapping to the particular 
case being studied. It is not possible to use this module to 
train interns on diagnosing with Korotkoff sounds, but, it is 
possible to get a feel for measuring BP with a 
sphygmomanometer in an ICU setting. This design would 
also require periodic calibration to ensure the pressure 
measured by the FSR matches the pressure indicated by the 
mercury manometer.  Future improvements could include 
synthesizing Korotkoff for various disease conditions, or, 
using precorded sounds to train doctors to diagnose in BP 
auscultation. 
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