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Deliverable 7: Report demonstrating the qualified traceable measurement 
and extended calibration services for the aOSG and similar devices  

1. Introduction 

The aim of this deliverable is to summarise the steps taken in order to set-up a calibration laboratory 
to provide traceability of the aOSG and similar devices at CMI.  

The development of the aOSG and promotion to use it as market surveillance tool and as means of in-
depth performance control tool of oscillometric sphygmomanometers brought the need to establish a 
valid traceability chain of dynamic pressure for (advanced) oscillometric signal generators.  

In order to establish a traceability base, a testing laboratory that provides dynamic pressure 
traceability for the aOSG and similar devices was set up at CMI as part of the competence centre. This 
laboratory and the competence centre are currently located in laboratory of primary metrology of 
pressure, vacuum and low mass flow in Brno. 

For all performed calibrations CMI has a unified quality system, which fulfils the requirements of CSN 
EN ISO/IEC 17025. This quality system is documented in the quality manual of CMI and in the quality 
manuals (it unifies QMS and at the same time it is quality manual for testing and calibration laboratory) 
of the internal organization units (Certification of products, etc.).  

CMI is the signatory of the international Arrangement of the CIPM MRA on mutual recognition of 
national standards and calibration certificates published by the national metrology institutes (NMIs) 
that signed the arrangement. In agreement with this document measurements provided in the fields, 
ranges and with calibration and measurement capabilities (CMC), given in the BIPM KCDB database, 
are accepted by the other signatory NMIs. The mutual recognition of calibration certificates within the 
scope of the CIPM MRA is based on mutual confidence, supported by successful international 
measurement comparisons, in which CMI regularly participates.  

Department of primary metrology of pressure, vacuum and low mass flow has over 25 years of 
experience in providing traceability in vide range of pressure and vacuum. Technical and metrological 
capabilities of the pressure laboratory have been verified by many international comparisons and key-
comparisons. Currently, the calibration capabilities of the pressure department are covered by 11 
CMCs in pressure and 3 CMCs in gas flow. The department keeps and develops 7 Czech national 
standards; 6 National standards of pressure covering pressure ranges from 1 µPa to 0.5 GPa and 
1 National standard of low mass flow in gas covering range up to 15 m3·h-1.  

2. Traceability of oscillometric measurements 

Traceability of oscillometric signal generators is provided in two steps (see deliverables 4 and 5), i.e. 
static pressure calibration and dynamic pressure calibration. 

Static calibration of oscillometric signal generators is standard calibration procedure implemented in 
CMI’s internal (accredited) calibration procedure nr. 601-MP-C046, the procedure is based on Czech 
translation of international calibration guide Euramet CG-17. CMI is well equipped with appropriate 
test equipment to perform static pressure calibrations. All test equipment used in calibrations has valid 
calibration traceable to (inter)national standards. 

So far, there are no suitable primary standards to provide traceability of oscillometric signal generators 
(i.e. to provide traceability for low amplitude low frequency dynamic pressures). Therefore, it was 
decided to develop an apparatus on secondary level of traceability that will have components 
traceable both to primary standards of pressure, electrical quantities and time.  

https://www.cmi.cz/?language=en
https://www.cmi.cz/orgunit/department/86
https://www.cmi.cz/orgunit/department/86
https://www.cmi.cz/Quality%20Management%20System?language=en
https://www.bipm.org/en/cipm-mra/participation
https://www.bipm.org/kcdb/
https://cmi.cz/orgunit/department/86/cmc
https://www.cmi.cz/Pressure?language=en
https://www.cmi.cz/node/441
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2.1. Apparatus for dynamic pressure measurements 

Taking into account properties of oscillometric signals, i.e., low amplitude low frequency with 
negligible spectrum constituents above 10 Hz, it was decided to develop a fast-sampling apparatus 
based on pressure sensor with low time constant connected to fast data acquisition system. 

Apparatus consists of 10 components (see Figure 1 below): pressure sensor (1), a laboratory power 
supply (2), a multimeter for measuring the supply voltage of the pressure transducer (3), a multimeter 
measuring the output electrical signal of the pressure transducer (4), a function generator and counter 
(5 and 6) for controlling the signal sampling rate and controlling the time base, a digital pressure gauge 
RPM4 (7) in conjunction with a pressure gauge/generator PPC3 (10) for controlling the pressure in a 
bellows simulating the internal volume of the cuff (8)*. Recording and evaluation of the measured data 
takes place on a connected PC (9).  

*Note: The bellows will be replaced by metal vessels of 500 ml and 100 ml volume once delivered by 
the manufacturer. 

 
Figure 1: Apparatus for oscillometric signal measurements 

2.2. Pressure measurements 

Piezoresistive pressure sensor GE/Druk UNIK 5000 (type PDCR 50G1-TA-A3-CA-H0-PB, s. n. 5757307) 
with measuring range 0 kPa to 40 kPa gauge pressure was selected as the pressure measuring 
component. Manufacturer declares frequency response up to 3.5 kHz and accuracy (Premium) 
0.04 % of full scale. 

Nominal pressure range of the sensor is 10 mV·V-1, resp. (0 to 100) mV with supply voltage 10 V. 
Metrological characterisation of the sensor by means of static pressure was performed on primary 
standards (PG 7601) following internal calibration procedure nr. 601-MP-C049 (based on calibration 
guide Euramet CG-17 v.4) in 11 pressure points distributed over the whole measuring range. Repeated 
measurements were performed with supply voltages of 10 V, 9.5 V, 9.75 V a 10.25 V a 10.5 V in 
ambient temperature (21.5 ± 0.2) °C in order to evaluate the influence and calculate eventual 
correction of supply voltage on the sensor’s output signal. 

Results of this step is formula (1). 

𝑝M =
uM

𝑢NAP
∙ 𝑢NN ∙

𝐹𝑆P

𝐹𝑆u
− 𝐾0 − 𝐾NAP  (1) 

Where pM is the pressure calculated from sensor output (kPa), uM is the output signal measured on the 
output of the sensor (mV), uNAP is supply voltage (V), uNN is nominal supply voltage (V), FSp is nominal 

https://www.bakerhughes.com/sites/bakerhughes/files/2021-10/unik5000_datasheet_920-483l_-_bh.pdf
https://www.cmi.cz/node/148
https://www.cmi.cz/node/148
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measuring range of the pressure sensor (kPa), FSu is the nominal range of the sensor’s output signal 
(mV), K0 je is correction of the zero-pressure reading (kPa) a KNAP is correction of the supply voltage 
influence. 

Taking into account uNN = 10 V, FSp = 40 kPa and FSu = 100 mV, the part 𝑢NN ∙
𝐹𝑆P

𝐹𝑆u
 of formula (1) becomes 

constant value of 4 kPa·mV-1·V. Correction of the zero pressure reading is determined from the average 
indication of the sensor in de-pressurised measuring system uM−0̅̅ ̅̅ ̅̅ ̅. 

𝐾0 =  
uM−0̅̅ ̅̅ ̅̅ ̅

𝑢NAP
∙ 4  

(2) 

Correction of the supply voltage influence is determined by formula 

𝐾NAP =  
uM

𝑢NAP
∙ (𝑢NAP −  𝑢NN) ∙ 2.5 ∙ 10−3 . (3) 

 

 

Figure 2: Results of the initial calibration of pressure sensor 

The metrological characterisation of the pressure sensor continued 6 months after the initial 
measurement (see above) in order to assess the stability of the gauge by repeated measurements with 
a supply voltage of 10 V. For this pressure sensor, the manufacturer states a typical stability of ±0.05 
% of range, but no more than ±0.10 % of range per year.   

Repeated measurements on the same primary standard showed that the drift of the gauge output 
signal during this period was approximately 0.040 kPa over the full range of the gauge, i.e. 0.1 % of the 
range. Linear extrapolation over a period of one year takes us outside the manufacturer's stated limits. 
However, if we follow equation (1) to determine the pressure detected by the sensor (and therefore 
reset/zero the sensor before the actual measurement), the gauge drift over the period of interest is 
only about -1 Pa. 

Based on these measurements, the recalibration period of the pressure transmitter was set to 6 
months. At the next recalibration (planned for April 2023) the drift of the gauge will be reassessed and 
the period will be adjusted as necessary.  
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Figure 3: Uncorrected pressure reading of the sensor over the 6 months period 

 
Figure 4:Corrected pressure reading of the sensor over the 6 months period 
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Figure 5: Comparison of results of calibration on primary standards PG (red and blue) a FPG (purple) 

In addition of the measurement above, the pressure calibration continued on another primary 
standard (FPG 8601) in order to evaluate sensors performance in lower part of the measuring range 
where the previous calibrations were limited to lowest pressure of 6.95 kPa due to the technical 
limitations of the primary standard PG 7601. 

Due to malfunction of the laboratory air conditioning, these measurements were performed at 
ambient temperature elevated by approx. 6°C from the previous measurements. Although the 
evaluation number En is below 1 in all investigated points, but there is a drift in measurement results 
apparent which we attribute to the temperature influence. Although the results stayed well withing 
the manufacturers specification, the temperature influence is to be accounted for in uncertainty 
evaluation.  

2.3. Measurement and digitisation of the output signal  

The output signal of the pressure sensor needs to be sampled, digitised and then processed and 
evaluated.  

As mentioned above constituents above 10 Hz are negligible portion of the oscillometric signals 
frequency spectrum. Therefore, according to the Nyquist criterion, the sampling frequency should be 
at least 20 Hz. Some recommendations for digitising signals recommend a higher spacing, up to 10 
times, which in this case would mean a sampling frequency of about 100 Hz or higher.  

With regard to the selected equipment, an Agilent 3458A digital 8.5-digit multimeter with 24-bit A/D 
converter was chosen to measure the output signal of the pressure transmitter. The manufacturer's 
specification for a nominal measurement range of 100 mV (allowing measurements from 0 mV to 120 
mV) is 3 ppm of range + 9 ppm of measured value (i.e., ±0.30 µV to 1.2 µV over the 0 mV to 100 mV 
range) for a 1-year calibration cycle. The 2018 and 2021 calibrations performed by department of 
primary metrology of electrical quantities of CMI show that this multimeter meets this specification 
(including measurement uncertainty) even for a 3-year calibration period.  

In terms of the sampling rate requirement, this multimeter sufficiently meets the requirements. 
According to the manufacturer's specification, the multimeter is capable of measuring up to 100 000 
samples per second. However, the increase in measurement speed is subject to a reduction in 
resolution and a higher noise impact.  

 

https://www.cmi.cz/node/275
https://www.cmi.cz/node/275
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Figure 6: Manufacturers‘ specification on the additional error due to noise  

errors depending on the scanning speed 

 
Figure 7: Multimeter specifications; sampling rate and resolution dependence 

Based on the above, the total measurement uncertainty of the pressure transmitter output signal is 
estimated to be 0.01 % of the measured value at a sampling frequency of 100 Hz to 2 kHz based on the 
manufacturer's specifications. 

The critical point in time-dependent measurement is to associate each sample with time stamp.  

This is assured by connecting HP 33120A function generator and the Agilent 53132A counter to the 
apparatus. The function generator is configured to generate a TTL signal at the desired frequency. The 
counter is used in this case to control the frequency of the generated TTL signal, which is fed in parallel 
to the "External Trigger" input of the multimeter. This signal then controls the sampling of the 
measured electrical signal from the pressure transducer by the multimeter and although there can be 
fluctuations in the PC signal reading rate, the stability of the time base of the readings is assured due 
to the external control of the sampling rate. 

2.4. Evaluation of the acquired signal 

After the measured and digitised data are transferred to a computer controlling the experiment, 
evaluation of the data is performed. The evaluation is done by means of LabView application 
developed within the project. The parameters evaluated in this case are the averages and standard 
deviations of the amplitudes and periods of the oscillometric pulses. 



          18RPT02 adOSSIG: D7: Report demonstrating the qualified traceable measurement and extended 
calibration services for the aOSG and similar devices 
 

 

7  

 

 
Figure 8: Labview application for measured data evaluation 

2.5. Traceability 

Table below lists measuring equipment of CMI used to provide traceability to oscillometric signal 
generators.  

Device Manufacturer & type Serial number 
Traceability 

provider 

Re-calibration 
period 

(months) 

Piston gauge*† Pressurements T 1150/2 8083-94 / U145 CMI 36 

Piston gauge*† Pressurements A 6100/4 8080-94 / M689 CMI 36 

Digital 
manometer† 

DHI RPM4 298 CMI 12 

Pressure 
generator, digital 
manometer† 

DHI PPC3 225 CMI 12 

Pressure sensor GE / DRUCK UNIK 5000 5757307 CMI 6 

Digital 
multimeter† 

Hewlett Packard 34401A 3146A59962 CMI 36 

Digital 
multimeter† 

Agilent 3458A US28030415 CMI 36 

Counter† Agilent 53132A MY47003567 CMI 36 

Table 1: Test equipment of CMI intended to provide traceability to aOSG 

* Test equipment used solely for static pressure calibrations. 

† Alternatives of same type or same kind of instrument are available. 
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3. Calibration procedures and presentation of results 

Calibration procedure for static pressure calibration is carried out according to internal calibration 
procedure nr. 601-MP-C046, which is based on Euramet CG-17 v.4. Such a calibration represents 
standard pressure calibration of pressure dept. of CMI. Calibration results are presented in form of a 
calibration certificate issued under CIPM-MRA.  

Dynamic pressure calibration will be performed based on Deliverable 5 and ISO/TS 81060-5 and the 
calibration results will temporarily be presented in form of a Measurement report as in line with the 
quality manual of CMI. It is expected that in mid-2023, after fully implementing the service the 
calibration certificate(s) will be issued.  

The uncertainty of measurement of both static and dynamic pressure calibrations is determined in 
accordance with JCGM 100:2008 document (GUM). 

4. Conclusion 

CMI is well equipped to provide traceability to oscillometric signal generators. All metrologically 
relevant devices are traceable to (inter)national standards and regularly calibrated. CMI has quality 
management system based on EN ISO/IEC 17025 that assures accuracy and correctness of measuring 
devices and measurements.  

Hence, the prerequisites for establishing a calibration laboratory to provide traceability to advanced 
oscillometric signal generators and similar devices at department of pressure of CMI were met and the 
centre is ready to provide traceability to these devices. 


	18RPT02_cover page_D7
	18PRT02 adOSSIG Deliverable 7

