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Physiology-based patient simulator for blood pressure meter testing  
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A B S T R A C T   

Nowadays, the accuracy of automated oscillometric non-invasive blood pressure meters is evaluated in hospitals 
by means of clinical validations, in which the device’s measurements are compared to manually measured blood 
pressure, performed by trained medical staff using manual sphygmomanometers. Because of the clinical vali-
dations being costly, time demanding and logistically challenging, special devices for testing blood pressure 
meters were designed. This, so-called patient simulators are electromechanical devices capable of generating 
oscillometric signals. Using the very repeatable and stable simulators, blood pressure meters can be evaluated 
and their accuracy tested. Recently, a novel type of simulator, based on physiologically real-life oscillometric 
signals recorded on real patients, were introduced. First evaluations of the physiologically-based simulator are 
presented.   

1. Introduction 

In recent decades, the use of simple and inexpensive automated 
electronic oscillometric devices for non-invasive blood pressure mea-
surement has increased exponentially, mainly due to the decreasing 
price combined with increasing processor power on one hand, and 
negative environmental impact and the neurotoxicity of mercury, which 
was a common medium in classical sphygmomanometers, on the other 
[1]. Numerous researches, evaluations, validations and comparisons of 
oscillometric blood pressure meters (BPM) are conducted in order to 
determine their metrological characteristics (accuracy, uncertainty, 
repeatability and reproducibility of measurements). (see Figs. 1 and 6) 

1.1. Oscillometric BPM 

The oscillometric technique of measuring blood pressure has been 
used more and more intensively in clinical use for the last forty years. 
During the non-invasive measurement of arterial blood pressure, 
transmission of arterial pulses (oscillations) to the inflatable bladder of 
the cuff, which is placed around the patient’s limb, is used to estimate 
the systolic and diastolic pressure levels (see Fig. 2). The cuff pressure is 
measured with an accurate pressure transducer. The amplitude and 
shape of the oscillations change as the static pressure in the cuff de-
creases between systolic and diastolic pressure. Non-invasive oscillo-
metric BPM measure the shape of the oscillation envelope as a function 
of static cuff pressure and determine systolic (SYS) and diastolic (DIA) 
and sometimes mean arterial blood pressure (MAP) using a (proprietary) 
empirical algorithm. 

1.2. Testing of oscillometric BPM 

Testing of oscillometric BPM in static pressure conditions is histori-
cally well defined and nowadays recommended by various national and 

international standards and already part of legal metrology [2–4]. Dy-
namic evaluations of oscillometric BPM, however, are more challenging. 
The main problem of testing BPM are the built-in mathematical algo-
rithms embedded in BPM measurement protocol. These are proprietary 
and not available to the public or to independent test houses. Therefore, 
the only way to validate the automated oscillometric BPM is by means of 
clinical validation (Fig. 3). In the process of such a clinical trial, the BPM 
is compared with measurements of trained physicians using manual 
sphygmomanometer or with invasive blood pressure measurement. 

The comparisons within a clinical validation are performed on a 
representative group of persons of different demographics and health 
state (e.g. different ages and gender, medical conditions, hypotensive 
persons, normotensive, hypertensive persons, etc). Due to the required 
number of volunteers (commonly 85 people) and the required number of 
trained medical staff, clinical validations of BPM are time consuming 
and costly. To pass the clinical validation, BPM are required to measure 
with an average error of equal or less than ±5.0 mmHg when compared 
to a manual sphygmomanometer used by a trained medical staff. 

1.3. Blood pressure patient simulators 

The European Council Directive 93/42/EEC, which focuses on 
medical devices, and the succeeding Regulation (EU) 2017/745 require 
the clinical validation of any BPM before it enters the EU market. In the 
past, mainly to avoid costly and logistically difficult clinical trials, spe-
cial devices for testing of BPM, called patient simulators began to appear 
on the market in the 1990s. 

Simulators are electromechanical devices that generate a quasi- 
physiological signal in the cuff of a tested BPM [5,6] (see Fig. 4). They 
are much more stable than naturally physiologically highly variable 
blood pressure, depending on the patient’s physiological, cognitive and 
mental state. The main disadvantage of commercial simulators is the fact 
that they generate signals only similar to the physiological ones and that 
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they themselves use different (proprietary) algorithms to generate these 
signals. Due to their limitations, they are currently formally only rec-
ommended for evaluating the repeatability of new BPM, estimation of 
BPM stability as a function of power supply, environmental temperature 
and relative humidity, larger series of measurements (e.g. accuracy test 
after 10 000 simulated measurements) and the like [2,7–10]. 

To avoid these issues new types of simulators are being designed and 
built – simulators capable of reproducing real physiological blood 

pressure signals, which have been recorded on real patients [11]. 

1.4. Advanced physiology –based simulator 

An EU funded research project adOSSIG - “Developing an infra-
structure for improved and harmonised metrological checks of blood- 
pressure measurements in Europe” aims to improve the reliability and 
accuracy of blood pressure (BP) measurements by developing an 
advanced oscillometric signal generator (aOSG). The new physiology- 
based simulator will be the foundation for new calibration procedures 
for blood pressure metrology. One of the main goals of the project is to 
build and evaluate an oscillometric signal generator, capable of gener-
ating oscillometric blood pressure pulses indistinguishable from real 
physiological human signals. The overall aim of the adOSSIG project is 
“to develop sustainable metrological research capabilities to provide 
traceability for blood pressure measurement in Europe. This will include 
the development of a new advanced blood pressure oscillometric signal 
generator and investigation of its possible role as an absolute blood 
pressure standard to carry out checks of the performance of BPM”. 

1.5. Comparison 

In this paper, the first comparison of functionality of a commercial 
blood pressure simulator and the newly designed advanced 
physiological-based simulator is presented (see Fig. 5). 

2. Comparison 

The comparison of a commercial blood pressure simulator (by 
Clinical Dynamics, USA) and the advanced physiological-based simu-
lator (aOSG by PTB, Germany) was performed using two BPM: the first 
was an upper-arm BPM for self-measurement, clinically validated ac-
cording to ESH 2010 International protocol [12], and the second a 
low-cost BPM with no indication of any clinical validation. 

The two simulators were set to generate roughly the same pressure 
levels. The advanced simulator selected from its database and after-
wards reproduced a real physiological signal of a hypertensive person 
with 143 mmHg systolic, 92 mmHg diastolic blood pressure and 58 /min 
heart rate. The commercial simulator had less possibility to arbitrary 
select the generated blood pressures and it was set to 143 mmHg, 93 
mmHg and 60 /min, respectively. 

Thus, two simulators should in principle generate equal oscillometric 
pressure pulses, which should in theory result in equal blood pressure 
measurement results. The comparisons were performed sequentially, 
low-cost device after the clinically validated one. The results are pre-
sented in Table 1 (validated BPM) and Table 2 (low-cost BPM). 

The results in Table 1 show acceptable errors of the tested BPM, but 
in Table 2 a question of reliability and suitability of the simulator arises. 
The real-life shape of the real person’s oscillometric pulses seem to result 
in quite different results compared to the more artificial shape of 
oscillometric pulses generated by the commercial simulator (maximal 
errors of 3 mmHg and 16 mmHg, respectively). 

We can speculate that the mathematical algorithm embedded in the 
low-cost might not be as reliable, robust and specific as the one in the 

Fig. 1. Schematics of oscillation pressure pulses in the cuff during a BP mea-
surement. In the inflation part, the air pressure is increased above systolic (SYS) 
value. During the deflation part, it is decreased below diastolic (DIA). Pressure 
pulses occur in both inflating and deflating part. 

Fig. 2. Cuff pressure in an oscillometric device during an actual measurement, 
acquired using a precision pressure transducer with 2 kHz sampling frequency. 

Fig. 3. Blood pressure measurement of a patient (white figure) by manual 
auscultation method using a sphygmomanometer and automatic blood pressure 
detection method using an automatic device. Blood pressure is determined 
manually by a trained medical staff (dark figure) using a manual sphygmo-
manometer (sphyg), while automated device (BPM) measured blood pressure 
simultaneously. This schematics is given for clarity reasons, commonly there 
are two independent trained observed and the devices are compared in 
sequential protocol on the same arm [3]. 

Fig. 4. Blood pressure simulator (grey) feeds oscillometric pressure pulses into 
the cuff of a blood pressure meter (BPM) (white). In comparison of two simu-
lators, a repeatable BPM acts as a transfer standard. 
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clinically validated BPM. This phenomena could only be observed if 
real-life physiological signals are used in BPM testing. 

3. Conclusions 

Patient simulator, capable of generating real-life physiological sig-
nals of real patients, is envisaged as reliable substitution for common 
clinical validation of non-invasive oscillometric blood pressure meter. 
Its main difference to commercial simulator is the large embedded 

database of actual physiological signals recorded from living persons 
and its technical capability of reliable reproduction of these signals. 

Using a physiology-based simulator is a foundation for a more 
comprehensive and reliable testing of blood pressure meters, where also 
their mathematical algorithms are indirectly checked. Research project 
adOSSIG has one of the goals to build a physiology-based advanced 
simulator. This paper describes the first tests of functionality of the built 
advanced simulator. 

Fig. 5. A low-cost BPM connected to the advanced simulator aOSG generating the oscillometric pulses (in the screen).  

Fig. 6. Front panel of the advanced simulator user interface. 1 - time graph of the cuff pressure during measurement – the used BPM employed deflating protocol, i.e. 
determined systolic and diastolic pressure levels while deflating the cuff. 2 - generated oscillometric pressure pulses during measurements – note that oscillometric 
pulses of specific physiological shape and amplitude are generated according to the current cuff pressure level. 
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Table 1 
Comparison of commercial simulator and the advanced simulator using a clin-
ically validated automated sphygmomanometer (BPM). SYS – systolic, DIA – 
diastolic blood pressure, HR – heart rate.   

Simulator settings (SYS/ 
DIA/HR) 

Validated BPM displayed values 
(SYS/DIA/HR) 

Commercial 
simulator 

143/93/60 140/95/60 

Advanced 
simulator 

143/92/58 141/94/58  

Table 2 
Comparison of a commercial simulator and an advanced simulator using a low- 
cost automated sphygmomanometer (BPM). SYS – systolic, DIA – diastolic blood 
pressure, HR – heart rate.   

Simulator settings (SYS/ 
DIA/HR) 

Low-cost BPM displayed values 
(SYS/DIA/HR) 

Commercial 
simulator 

143/93/60 140/95/60 

Advanced 
simulator 

143/92/58 127/85/58  

G. Geřsak et al.                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S2665-9174(21)00223-3/sref1
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref1
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref2
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref2
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref2
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref3
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref3
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref4
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref5
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref5
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref5
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref6
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref6
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref7
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref7
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref7
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref8
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref8
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref8
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref9
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref9
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref10
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref10
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref11
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref11
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref11
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref12
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref12
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref12
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref12
http://refhub.elsevier.com/S2665-9174(21)00223-3/sref12
mailto:ehlimana.jugo@met.gov.ba
mailto:MCFerreira@ipq.pt
mailto:alan.duffy@nsai.ie
mailto:dana.rosu@ptb.de
mailto:gregor.gersak@fe.uni-lj.si

	Physiology-based patient simulator for blood pressure meter testing
	1 Introduction
	1.1 Oscillometric BPM
	1.2 Testing of oscillometric BPM
	1.3 Blood pressure patient simulators
	1.4 Advanced physiology –based simulator
	1.5 Comparison

	2 Comparison
	3 Conclusions
	Acknowledgments
	References


