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Abstract—Patient monitor modules have various inputs for 
many vital function measurements. Blood pressure measurement, 
one of the most important of these measurements, is included in 
the biomedical engineering field. This study is about the design 
and implementation of a programmable invasive blood pressure 
simulator. This device can generate the programmable behavior 
of the voltage signal corresponding to the blood pressure curve. 
The user communication interface of the device allows to select the 
type of signal produced with the LCD and 3 buttons. Broad 
spectrum of the generated signals corresponding to physiological 
or pathological blood pressure curves are stored in a 
programmable memory. The input and output connectors of the 
device can be directly connected to a patient monitor or IBP Kit to 
IBP module input. Invasive blood pressure measurement 
simulation can be used in IBP Kits and monitors developed for 
training and calibration purposes. 
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I.  INTRODUCTION 
During surgical intervention and intensive care treatment, 

invasive measurement is required to measure blood pressure, 
which is one of the patient's vital parameters, in real time. 
Inverter sets that perform invasive blood pressure measurement 
with high accuracy are used. Invasive blood pressure transducer 
set is a modular and disposable set that includes a blood pressure 
transducer, pneumatic connection hose, connection valve, blood 
thinner syringe and transducer signal cable. Test devices with 
different properties worldwide to test the accuracy of invasive 
blood pressure transducer sets but whose main purpose is to 
apply positive and negative pressure to blood pressure 
transducers are commercially available on the market. 

Direct Blood Pressure (BP) measurement obtained by 
invasive techniques is used in a certain context when continuous 
and reliable monitoring is required. This blood pressure 
measurement method can provide detailed results and is mainly  
used for patients who need to be constantly monitored (e.g. 
hospitalization in the intensive care unit). The most common 
technique for obtaining BP measurement is based on the use of 
a special catheter placed in an artery onto which a pressure 
transducer is fixed, and then the signal is transmitted by a cable 
inserted inside the catheter.  These systems are usually made by 
a primary mechanical transducer where one or more strain 
gauges are fixed to convert mechanical deformation into an 
electrical amount. Usually, these transducers are attached to a 
patient's monitor to provide invasive blood pressure information, 

along with numerous vital parameters. In order for a patient's 
monitor to comply with certified standards for the clinical 
setting, it must be tested before its installation and undergo 
periodic maintenance to verify that all available features are 
working properly. For this purpose, simulators are available for 
most monitoring systems that can easily respond to 
physiological signals such as electrocardiography or body 
temperature. Regarding Invasive Blood Pressure (IBP) 
measurement, few attempts have been made to simulate this 
signal and the corresponding sensor, as indicated by a small 
number of papers in the relevant literature [1-4]. This indicates 
the need for such a device to improve knowledge in this area. 
Anyway, IBP simulation can be useful for testing the patient's 
monitor IBP module functionality, zero and calibration function, 
and the function of alarms (Fig. 1). Moreover, the possibility of 
simulating many types of waveforms allows this device to be 
used in a wide variety of applications, from research to clinical 
equipment maintenance, to educational purposes, a growing 
strategic sector for users of such instruments  [5-8]. 

In this study, some improvements and extended features of a 
newly designed device have been reported, including all new 
features that has better accuracy. Moreover, this new prototype 
allows the output to be regulated on the basis of both output and  
input stimulus voltage measurements . To verify this, the device 
was evaluated for accuracy under different conditions and the 
results are described in this article. This is a very important 
consideration because accuracy is required when dealing with 
systems used to obtain information about human performances 
or a patient's health [8-10].  

The main contributions of the novel simulation and 
calibration device as follows: 

 
Fig. 1 Invasive blood pressure measurement 
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 The most important purpose of the study is that pressure 
transducer test devices can be used for testing accuracy of 
IBP transducer. 

 The bedside monitor connection port is compatible with 
other monitors and is modular. 

 The information screen provides both numerical 
representation of the pressure information applied by the 
pressure chamber and the numerical representation of the 
pressure information applied to the pressure transducer. 
This is to enable the information display to be set up to 
configurations of the entire display that can be operated 
with a digital controller. 

 It is possible to make automatic calibration and control of the 
system parameters and display menus by the user with the 
keypad. 

 Test start-end and intermediate steps ensure that the battery 
critical level, calibration start and end visual warnings are 
given. 

II. DESIGN AND IMPLEMENTATION 

A. Realization Design 
The IBPS performs the function of an IBP simulator, as well 

as calibrating IBP kits, testing bedside monitors and cables. The 
IBPS basically consists of a pressure/vacuum generator unit, a 
pressure outlet connector, pressure / vacuum values display unit, 
pressure/vacuum sensor, pressure/vacuum validation 
transducer, control panel and power unit sections for patient 
monitor monitoring (Fig.2). 

IBPS working principle can be described as follows; The 
IBPS provides an evaluation of the accuracy of the analog signal 
produced by the IBP Kit as a result of a pressure value manually 
applied to the IBP Kit by the user via the IBPS. For this, there 
should be at least one sensor in the IBPS that measures the 
pressure of the pneumatic system. Thus, the pressure value 
applied by the user can be seen on the main screen of the IBPS. 

The analog signal of the IBP Kit can also be connected to the 
IBP interface of a bedside monitor. Thus, while the IBPS 
functions as a pressure application module and the pressure 
applied, the accuracy of the applied pressure is  validated with 
the value read from the bedside monitor. In addition, the IBPS 
acts as a simulator. The IBPS operating in this function creates 
an analog signal in accordance with the IBP measurement 
standard (5µv/V/mmHg) and displays the pressure value applied 
by the bedside monitor IBPS according to the analog signal on 
its screen. By looking at the correlation between the applied 
pressure and the pressure read by the monitor, the accuracy of 
the bedside monitor cable and bedside monitor is validated. 

The device is designed to simulate with Edwards Connector 
IBP modules. The analog interface is driven by a digital system 
that can control a wide variety of parameters. The general 
scheme of the designed IBPS is reported in Figure 2. The quality 
of the realized design is produced to adopt well-established 
procedures for embedded applications in different fields such as 
electronic circuits, data transmission and consumption 
optimization. 

B. Controlling Stage 
This stage is necessary for the creation of dynamic BP analog 

waveforms. The control part consists of a gap adjustment block, 
a buffer, a modulation block and a current source. The blood 
pressure range can be adjusted from -50 to 350 mmHg with a 
resolution of 10 bits. Waveform modulation is performed using 
a 10-bit pressure sensor used for any pressure range setting. Two 
main sensors are used for calibrating and simulating. One is on 
PCB and another is in pneumatic part. For the pneumatic part of 
the device, a pressure sensor is added for adjust the analog 
pressure value. From there it is possible to compare the pressure 
values which are measured from IBP KIT and IBP Simulator. 
With controlling pressure on IBP KIT and Simulator it is 
possible to calibrate the kit and also detect errors that could be 
occur at sensors. 

C. Device Transactions 
Atmel ATMEGA328 was used as a microcontroller for the 

control unit design of the IBP simulator. The microcontroller 
controls the "I1" and "I2" current sources through the serial 
peripheral interface (SPI). The general behavior of the generated 
signals is stored in the EEPROM of the microcontroller. The 
microcontroller measures the input and output voltage of the IBP 
simulator output circuit. Sets the voltage ranges to values 
suitable for the internal reference of the microcontroller analog 
to the digital converter (ADC). Input and output voltage ranges 
are adjusted to values desired by precision operation and 
instrumentation amplifiers. The user communication interface 
consists of a twenty-character two-line character display unit 
and three push buttons. 

D. User Interface 
 The user interface of the IBP simulator device is designed 

for easy adjustment of the required parameters. The user has 
several possibilities to generate an output signal corresponding 
to: 

 Physiological blood pressure waveform, 

 Adjustable fixed value (0mmHg to 300mmHg), 

 

Fig. 2 Invasive Blood Pressure Simulator (IBPS) scheme of functioning. 
ADC: analog to digital converter; LCD: liquid crystal display; MCU: 

microcontroller unit. 
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 LCD backlight brightness adjustment 

 Pressure value selection for monitoring (mmHg, kPa, mBar) 

 Flashing user warning led when battery reaches critical level. 

 Selectable light sensor adjustment that increases and 
decreases the screen brightness got from the sensor. 

 Automatic detection and audible warning feature for IBP Kit 
and bedside monitor connection. 

III. DEVICE FEATURES 
The IBPS is equipped with a user interface implemented  

using three control buttons and a 2-line, 20-character LCD 
display. The three control buttons are divided into the toggle 
button, a navigation button used to control the different 
navigation menu, and an input button used to s et the selected 
function. 

There are two connectors at the top of the IBPS. The 5-pin 
output Male Edwards connector is used for connection to the 
IBP module input of the patient monitor. The output Female 
Edwards connector used to connect the IBP Kit is als o available. 

A. Calibration Mode 
This feature can be used to set zero and calibrate the patient's 

monitor IBP modules. The outlet pressure can be adjusted from 
a minimum of -50 mmHg to a maximum of 300 mmHg in 
increments of 50 mmHg. The output pressure sensitivity of the 
device is determined as ± 1 mmHg at 25°C at a fixed value. For 
this process, the pressure bag, the result of which we know as 
the golden value, was used. Two push buttons are used for menu 
navigation, blood pressure adjustment and verification of the 
selected value. 

B. Technical Parameters 
The technical parameters of the device are summarized in 

Table 1. 
Table 1. IBPS Technical Parameters. 

Parameter Value Unit Description 

Pressure/ 
Vacuum 
Range 

-50 to 350 mmHg 

The module can generate 
vacuum / pressure between 
-50 and 350 mmHg when 
the IBP transducer set is 
connected. 

Measurement 
Accuracy 0.01 mmHg - 
Sensitivity 5 µv/V/mmHg - 
Input 
Impedance 4500 Ω + 10% 
Output 
Impedance <330 Ω - 

Units of 
Measurement - 

mmHg, 
mBar and 
kPa 

- 

Power 
consumption 0.5 W 0.5 W (60 mA, 6VDC) 

Dimensions 90x140x56 mm (width x length x 
thickness) 

 

C. Operating Algorithm of the Device 
The software on the device carries out the following steps in 

the main loop: 

1. Reading calibration data from EEPROM: After the 
calibration is done for the first time, the microcontroller 
reads the calibration values for the pressure sensor and the 
IBP transducer from the EEPROM every time it is 
energized. 

2. Check the monitor connection: If the Microcontroller has a 
logic value of 1 in the Mon pin, it switches to the monitor 
menu. 

3. Read and display sensor values: When the logic 1 value is 
read on the IBP pin, the IBP transducer is detected to be 
connected to the device. The pressure sensor and the value 
of the IBP transducer are read and displayed on the screen. 
If the IBP transducer is not connected to the device, only the 
value of the pressure sensor is displayed. 

4. Check for pressure leaks: If the IBP transducer is connected 
and the pressure level has reached higher than 10mmHg, a 
decrease of 1 mmHg per second is detected as a pressure 
leak and a warning message is issued. 

5. Adjust LCD brightness level: The brightness level of the 
LCD screen is controlled according to the selected options. 

6. Check if the calibration button is pressed: In case of voltage 
on the microcontroller calibrate pin, the calibration menu is 
entered. Calibration values are recorded in EEPROM. 

7. Check if the mode button is pressed: In case of voltage on 
the Microcontroller Mode pin, the mode selection menu is 
entered. 

8. Warn if the battery level is critical: A battery level is checked 
in 10000 operating cycles and a warning message is given 
when this level drops below 15%. 

9. Check automatic test mode: When the IBP transducer is 
connected to the device, it is entered into the automatic test 
mode when the pressure level drops below -50mmHg. 

10. Return to Step 2: The cycle continues from Step 2. 

IV. RESULTS AND DISCUSSION 
Compared to common commercially used devices, the 

application offers a wide variety of programmable output 
signals, with the possibility of expanding the application for 
programmable variable output sensitivity. The accuracy of the 
application can be increased by increasing the bit resolution of 
the output current control. Function generation also has wide 
possibilities due to the relatively easy application of functions to 
the control unit of the device. All features of the application are 
sufficient for simulation testing and calibration of patient 
monitor IBP modules (Fig. 3). 

A 
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The device presented in this study offers similar 
performances to more complex and expensive systems used for 
the same purpose. Few devices are available for IBP simulation, 
which are used to test BP monitors on the market; Among them, 
UTAH Medical DELTRAN is one of the most complete and 
performance systems to test the IBP signal. In addition, the 
performances of the two devices are very similar in terms of 
sensitivity, pressure range simulation, pressure accuracy and 
input / output impedance, as reported in Table 2. 
Table 2. Comparison between UTAH and the developed IBPS performances. 

Parameter Our IBP Tester Prototype UTAH IBP 

Pressure / Vacuum 
Range 

Vacuu m / pressure from -3 5 0  
to 350 mmHg 

Vacuu m / pressu re from -
300 to 300 mmHg 

Measurement 
Accuracy 0.01 mmHg 1 mmHg 

Units of  Measurement 
It has 3 units as mmHg, 
mBar and KPa. It is a single unit, mmHg. 

Temperature 
Operation:15°C to 40°C 
Storage: -30°C to 80°C 

Operation: 15°C to 40°C 
Storage: -20°C to 65°C 

Smart Plug Feature 
It has automatic detection of 
IBP transducer and bedside 
monitor connection. 

N/A 

Accuracy + %0.25 Span + %1 Span 
Repeatability ± %0.1 Span + %0.15 Span 
Sensitivity 5µv / V / mmHg 5µv / V / mmHg 

Stimulation 6 to 10 Vdc, or Vac 2 to 10 Vdc, or Vac rms 
to 5KHz 

Input Impedance 4500 0hms + %10 350 0hms + %10 
Output Impedance < 330 0hms  < 400 0hms 

V. CONCLUSIONS 
In this study, IBPS device designed as a result of research 

and development activities is a low cost single purpose device 
compatible with patient monitor IBP modules test, zero setting 
and calibration requirements. It is possible to simulate a wide 
variety of situations by selecting different options for static and 
dynamic blood pressure form simulation and testing of IBP KIT 
models. The device allows to set a constant blood pressure and 
to produce artificial BP by the user, which can be adjusted by 
adjusting the parameters of the waveforms. Both modes have a 
precision in simulating BP data that is better than ± 1 mmHg at 
25°C. All the described features can be easily implemented with 
a simplified user interface consisting of a three-button 
navigation panel and a screen. The device has been fully tested 
and compared to an existing device. It has been proven to have 
comparable and competitive features and performances. It can 
be used in research and clinical settings and can be used as a 

medical device after an appropriate certification process. The 
product has also successfully passed all electrical tests and is 
ready for use. 
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Fig. 3 The prototype of the IBP Test and Calibration Device(A). The PCB 

Design and LCD screen display 


